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Figure 3
A) eGrrP{-) sequence map (reverse complement)
Top: translation of minus strand
Bottom: translation of plus strand (wt protein)
E £ K L V @ F t # A g N T 8 € 6 HEF G qQHdHV I T

1 BAGCTCAAGC TTGTACAGTTCATCCATECCCABGETAATACCAGCEEGCEETCACBAATTCCAGCAGLACCATGFBATCAC B
1 CTEOAGTTCGAACATCTCAETAGE TACGERTCCCATTATBETCGLCGLCAGTGUTTAAGGTCGTCETEETACACTAGTE 80
L E L K Y L EDMEGELTIGAATV FELLVMHDBR

F F VR IFAQOGGALGBGAQVV Y I RQgHRATILT

81 CTTTTTCGTTCGEATCT TTECTCAGGGLGCTCTCRGTGUTCAGETAGTEETTATCCGGCAGCAGCACCBGGCCATRACCA 160
81 CAARAAGCALAGLCTAGAAACEAGTCCUGLGAGACCCACBAGTUCATDACCARTAGECCETOGT CETEEELLEETAGTEETY 189
K &8 N P DX 5 L A S 0TS LY HNDPL LV P G D &
N R 6 YV R L V V I 6 L R A AIFDDV VYV ADFEVYV H®F
161 ATCBBGETGT TCTGLTEETAGTEATCEBLCAGL TECACGC TGLCATCTICOATGTTO TGBLEGATTF TGAABTTCACTTT 240
161 TAGCCCCACAAGACGACCATCACTAGCCEETCGACGTECEACGETAGAAGCTACAACACCGLC TAAAACTTCAAGTGAAA 240
L P Y N QQ Y HDAILQYVY s &b EINHIRTIIKFN VK

DAY F L FE I GHDVYHYVY AVVY VY EQFVYADQTDYV

244 GATGCCSTTTTTETE TT TATCEGOCATEATETACACET TRTRRNTETTETAGTTRTATTCCARTY TRTGRCCOAGEATET 320

241 CTACGGLAAAAABACAAA TAGOLBE TACTACATGTECAACACCBACAACATCAACATAAGGTCAAACACCEEETOCTACA 220
T 5 N KQ KD A M I Y VY N HENYHNSYETLZYKHEGL I N

TV L F XV P AF ¢ F DTV HOQEI AFETFHFG T

g21 TACCGTCCICTTTAAAGTCOATRCOTTTCAGTTCOATACGETICACCAGEETATCGCUTTCGAAT FTCACTTCARUACEE 408
321 ATGGLCAGCAGAAATT TCABC TACGHAAAGTCAAGCTATECCAAGTGETCLLATAGUGGAAGCT TAAAGTBAAGCEGTGCC 400
G D EK FD I KL EIRNUVIELETWDUGGEVFEKUVE AR

G F Vv A I I FEEWMNSBTF LSV A FRHGAFETE T
41 GTTTTGTAGTTGLCATCATCTTTRAAGAAAATGETACETTCCTSCALGTAGCCTYCCGLCATRECEUT TTTRAAGRAATE 489
4@1 CAAMACATCAACGETAGTAGAAACTTCTTT TACCATGCAABGACGTECATCEBAAGECCGTACCELGAAAACTTCTTTAS 488
T XK ¥y N & 0D DX F F I TRE-Z QYYS&EPMASI KT FF D

v L. F VYV I RVY AREALUEAWV GBS Q 6 6 H 6 R P R H
481 FEIGCTGT I TCATGTEATCLGGETAGCGAGAGRABLACTBLACSCEBTABGTCAGSET GETCACCAGEGTCBECCACEELA 560
481 CACBACAAAGTACACTAGECCCATCGLTCTOTTCETRBACE FBCEECATCCABTCCOACCABTGETCCOABCCEGTHLCOT 560
H Q KMMKDPY R S F CQVYasay TLTTVLET®BR W 2V

R Q F A GG T DEFQ G JPF AV 66 6 I TF T F A B H
561 CCEECABTTTOECOAG TERTACACBATGAAT T TCAGEETCABTTTGCLGTARGTEGCATCACCTTCACCTTCGCEGGACACSE G40
561 GGCCETCAAACGECCACCATGETCTACT TAAABTCOCARTCAAACEGCATCCACCETAGTEGAAGT CEBAAGECGRCCTETEL 6AG
P L KG TTCLEC I FKILTULIHKUGY T ADUGEGETGZETGTS SV

AE FV AV H I A I QF HQNRUBKBMHAGTETUGQFFATFG
641% CTEAATTTGTRRCCRETTCACATCGLCATCCAGT TCCATCAGAATCGGCACCACBLLGE TGAACAGTTCTTCGCCTTTGEA 72e
541 GACTTAAACACCEGCAAGTETABCHEETARS TCAAGET GG TCTTABLLE TEETELGECCACTT GTCAAGAABCEEAAALTT 720
§ F K H 6NV DB L EV L I P VV GG TTFLEETGIK S

H H W 6 T
721 CACCATATGBGETACC 736
T2L GTGGTATACCCATGE 735
v M H T G
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Figure 3(continued)

B) Neuraminidase (-} seguence map (reverse complement)
Top: translation of minus strand
Bottom: translaticn of plus strand (wt protein)

E L 3R G 3 3 % & ¥V D GE 6 Q L G AV &6PF B P A H G V

1 GAGCTCTLTAGAGBATCCTCATCACTTETLBAT BETEAABEBCAGCTCAECECLETCEEECCABEACCAGITCACRBETET 80
S CTCBAGABATETCCTAGBABTAGTGAACAGCTAGCACTTCCCGTCGAGGCREBECAGCCCEGTCETEGTCEAGTGGCACA 8O
L ER S s &6 BE] xp I TFPLEA ASGEGDFPWSEWSE3V TD
AV H A A K ADAAAAGPDGBEALF GPASDIQ L
gl CECTETTCACCEEOUAAAAGCTEATECTECTECOBLTEETCCABATEETECTCTCTTTERECCTELCTCTEBATCABETCE 160
81 GLGACAAE TECGECETTTTCBACTACBACGACEECEACCAGETCTACCACGARAGAALCCCBEACGBAGACTABTCEASE 160
s NV et F ST S8 8 &8 TWTIEITSEZEKSPRTERTITLE
H P KAGPDAVQAGQLBEVY LHEAAT BGVATETPYV
161 ACCOAAMAGCAGEGECCECATECAGTCCASGCLEGTCACCTCEEEETOCTGLACGAACCTECCLEABTAGCCBEACCARTE 240
161 TEEBTTTTCETCCCBBCCTACGTCAGETCCEECCABTCEABCCLCACBACGTRC T TUGACBBCLTCATCBECCTRGTCAS 248
VW FCPRTIOCDILGTLEPHTI GGYF S 6 SY 6 8 WD
& D 6 H DV L LHAEAAVGPEG®SL AV E VP DHLE
241 GGTGATEGCCAGBATGTCCTGCT TCACGCTGAABCTECTETCBGTECCEGTCLABLCHTTBEEETCOCAGATCATCTCGA 520
241 ECACTACCGGTEC TACAGEACGAAGTECGACT TCBACGACAGCCAGGGCCAGE TCGECAACCCCABGETCTAGTAGAGLT 520
T I A ¥V I D Q KV S F 5585 DT TWOGENS®DODWIMETF
AG S AV 6 A LGP ADPHAVWYAVY LEAEALHA
321 AGGLGGATCTGCTGTTEETBCTCTTEETCCRRCCGATCCAGACGCUBTCAUCATALT TGAABL TRAABCGCTTCACGCCE 400
321 TEGECCTABACCACAACCACBABAACCAGGLCEECTAGETETECEGCAGCEECATEAACTTCCACTTOAEEAAGTECEEE 480
& S RS NT S KTRGB I WV EDGYKTFSSF G KWVE
vV 6 A XL G AHBE S AAAGCAIVYVGPGY VAEHSAA
401 TAGGCECOAT TEGGECTCATGOETCLBCABCTELOTE TGCCATCE TTAGELETEEEET TE TCHCCEAACACTCOBCTECA 488
400 ATCCECGSTAACCOLBAGTACCCAGECETCBACEEACACBETAGCAACCCEGACCEOAACAGLGECTTGTEAGEOBACET 480
Y A G N P S M P GCSBG T GEDNPURPNTDSGFUVYGSC
DV ADEVF gV LVEGHEPISBEPVAAVPVYV VFE AN
481 GATGTABCCGATCTESTATTCCAGGTTCTGETTGAAGGACACCCABBGCOGETTAGCTECCETECCABTTGTCCOBGCACA 560
az1 CTACATCEECTABACCATAAGGTCCAAGACCAACT TCCTETRGET CCCBECCAACGALGECACBETCAACAGBECCGTET 560
I ¥ 6 I QY E L N @ NF SV W ®RNESSBEHWHWNDRTCYVY
A G DL AEG VYV &YV AAATFLEVYY VYV EBE V QL HAL
561 COCABBTGATCTCECCGECETLEEEG TAGCAGCTRCATYCOTCEVASTSE TAGTTGELEECETCCABLTCOACBETETTE 640
561 GCETCUACTABASLEECLGEABLEEEATCE T CEACETAAGBAGCATEACCATCAACECCOGUAGE TLOABETECBABAAS 640
c T IEGADGP®YTDL S5 CEENYHYNPADILEVS K
H H L A LFHLEMNEVSSEGLPVYVARBGAVYGHHEIEBEE A
G41 ACCAGCTTRCCCTTTTGCATCTTGAARATO TTETAGRAGGLLTRCCEGTT B0 TGEGEC0ETORGTCATOACGETRAAGEA 720
641 TGGTEGAACREEAAAAGETAGAACT TT TABASCATCCTCOGBACGRECAACBALCCCHRECAGLCAETAGTGCCACTTCET 720
vV VK E6 KEMKFTIIKYSBSAQSG6ENSPGBRTHNVTTFEGC
A AV HAGALAFLGP QDVYYPPALDTEVYVYGEDD
721 GLTGOCETTCACSCAGGLGCACTCGUTTTCLTEEGTCOGCABGAT GTTETTCOSCCABUTCTTGATGGTETLGGTOATRA  8a0
721 CEACGELAABTGLGT CLGCRTEAGLBAAABBACCCAGELGTCCTACAACAAGBUEGTCBAGAACTACCACAGLCALTACT  BRO
S & NV CACESEQRT®RULINSNRWSWKTIET®BTTII
A Y VL G HSE B S AV VERAADATDTGEG P AGAV Y
801 TECCETTETACTTCAGCACABCGACAGCECCET TETCABEBLCEL TBATGCCBATGRTCAGCCAGETEGTOLCETCETEE 889
a0l ACGECAACAT BAAGTCETGTLECTETEECHECAACAGTCCEEBIGACTACBBU TACCAGTUBETEEACCACEEEALLALC  BES

G N Y K L ¥V A ¥ A & N D P & 8 I 6 I T L WS T 68 D K
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Figure 3 (continued)

A6 AG E 2 G HALETPAVVYV G AGS L AHRGEAATHD?Q
881 CABGCBCTERLEE ALCABGCEAC BN TC TCGAACEGECTET TS T AGGGGCTEGEGABCE TCRECCACSRGETAGLTOATCAS 666
aBl GTCCELGACCRCLTGETOUEETECEAGABLTTEECCEACAACATCCOLGAGCC TCEHABCGRETGOCCCETUGAGTAGTE Q60
C A S A 5 W AV S EFRSNYOPSPAETEGBGVY P C 5 M L

6 P VY B A S VY L HGBAIAVYLVY VYV Q4GS L8 g E E €
961 GETCCGETEREGECTTCTETUCT TCACGETECCATTEC TETECTTETCGTTCAGCABTECTLCLTGEETCAGRAABAAGE 1@40
861 COABELCACCCCORAABACABBAAGTGCCACEETAACGACACGAACABCAAGT CRTCALGAGERALCCAGTCCTTCTTCL 1646
T R H P EBE R DKWVWTGE N3 HKDNLLAGQGTLFFT

F A F QO V A A ADE GG LPDHBEUHYALAAD®PDI YV
1941 TLGOEGUAT TCLAGETGHCTOCAGCTEATEAABGGCTCCCGEATCACGAACACETCECCOCTTECTEGCCGATCCGEATETTG 1126
1944 AGGLCETAAGBTCCACCEACETCGACTALTTCLUBALGEOCTACT LT TETECAGCLELAACEACEEL TAGGCLTACAAL iize
R € & L # 8§ C S8 T F PRIV FVDI 3 KS5 & I R IN

v v LAV H G P AP D S AR AAV A G Q G H AS H G L
1121 TTETCCTTECTRT GLACGGCCCABCCCOEEATE GLELACAGECTECTETTECCEGUCAGEGTCACGC TAGBCCACGELLTT 1266
1121 AACAGGAACGACACETECOEEETLRGEECCTACCELE TG TCCGACGATIACEE CUGETCCCAGTRUSATORRTGUUGGAS 1266
N 00X 8 HV A WG R I P CLS S NGALETV S5 A V A R

L 6 Q GV 3 V A D A L G L V L A A S L DAY B H P I A
1281 CTCOGTCAGRGRETTEGTGT TRETGATGCTCYCGELCTGETELTEELTGCCGRTCTGBATBCTGTEGEEACACCCAGATEE 1280
1201 GAGLCAGTCCCCCAACCACAACEACTACGAGAGCCEGACCACBACCEACGGCCABACCTACBACACCCTETEEETCTALG 1280
E T L P N T NS £ 8§ E A Q HQ S 6 T g I & #H 5 V W I &

oH v AaD L QH Q AHGADHHADAADGS DD L L
1281 TEATCATETTGCCGATCTRECAGCATCABGOTCACGETECCOATCACCATEGCAGATGCTGCCBATRRTGATEATCTTCTERS 136e
1281 ACTAGTACAAGGGCTAGACGTCUTAGTCCEAGTBLCACGRCTABT BB TACGTCTACGACGELTACTACTACTAGAAGALS i36e
P M NG X QL H LSV TOBEIVRLEII S 6 I T X I KOQ

v 6 v #H 68 6 A A A I 8 G T
1361 TTGEERTTCATGETBBLCLLGELCCLOGATATLGERTACE 3398
1361 AACCCCAAGTACCALCGLGCCEBCECTATARCCCATGE 1388
N P NMW T A RGRY R TG

C) MBD4 (-} segquence map {(reverse complement)
Top: translation of minus strand
Bottom: translation of plus strand (wt protein)
E L E 3 S AQ 6 QL LV VLPGPFYVVYLVY QL V VL

H GABCTCEAGTCATCAGCTCAGEBACAGETTCFCGTEGT TCTCOCAGAGCCAGTCETEGTACTTGT TCAGCTISTGETGET 69
1 CTCEABC T CAGTAGTCBAGTCOC TG TCEAAGAGCACCAAGAGEGTETCEETCABCAC CATGAACAAGTCEAACACCAGEA 8@
L & L B s L 5 L X E HNEWLWDB®RY KHNILTIEKTHDE
6 V H L L P LV HAETDTPUVAVYVVYVAVLADA AV QL
81 CEEGE TRCAGCTEETTCLACTOGT TCACECAGAAGATCCGETAGCTETCRTTRCNGTAGTTGCCGATGCCBTECAGETCE 160
51 BCOCCACBTROACBAAGE TEAGCAAGTECETCTTOTABECCATCRACAGCAACGGCAT GAACGGOTACSGCACGTCGAGE 160
P H VO KWEHNUYTCEZTIRYSSD NGEVY KETITGHLE
b 6 VL P L L GEQVY LV AETULUHTDGSGLGEGEPGVVQGA
162 ATEGEETACTTECALTGCTTEETCABETACTCETERE TEAACT TEACGATGETCTTEECCCTEARETCSTACAGGCCCAS 240
161 TACCGCATGAABGTGACHAACCAGT CCATRAGCAGLBACTTGAAGTECTACCAGAACCGGEAGTCCAGCATRTCOEEETE 240
I P Y KW Qg KT LY S DSE KV ITKARTLTGDBTYTLG L
E L §Q QL AHVYVPPVYVEGPSEHLUEATS YL EFQELF
247, GEBCTTCAGCAGCTCGUTCACGTUCCGUCAGTCEGEEEGETCL TEECCALCTOLGGLGLTGELETACT TTTCOAGBAACTTCS 326
241 CCCBAABTCRTCEAGCHAGTBLARGECERTCARCEGCCARGALCEETGSARSCACEACECCATGAAMAGETECTTEAASG 320

P K L L E S5 ¥V DR WD AT RANYEAS P Y KE L F K W
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Figure 3 (continued)

g H G DG HLAAGTPVQSKXODPDEOGDOGILP GV VE

321 ACABCACEBEEATGBCCATCTIGCCEC TEETCOGET TCABARAGATEETEGCOATCAGCAGCTTCCAGEEGTCETEEAM ABE
471 FRTCETCCLCCTACCGE TABAACGECEACCABSCCAAGTCTTTCTACCACCEBCTAGTCGTCGAAGEBTC CCCAGCACCTTE 400
L v p I A M KX S T RHNIL®=TITATTILILEKWSW®P?PDHF

G 6 FLbQVETS GATSS GEGESGPLLETSGTLTPTFEFGS5GAT GG

401 ABBETTTCCTEBACCAGGTTBAABBEGCTTCTROGEEEERTLCACTTCTTGAABGCLTTCCACLTEGEEORECTCABLES 480
401 TCCCAAARBACCTGE TCCAACTTECCCGAAGACCCCCLLCCARGTCAAGAALT TCLGOAAGBLGEACLCLCCCEAGTOCG 4B
L T EQ V LNF PSERKPPTWKRXKTFAZIKXKRRPWPGSS L A

L FV VL A AE NV QAL S P LD L GPED GV L G E
481 CTCTITGTTGTACT TG TGE TGAAG TACAGEBLTEETE TTTCTCCGLTCBATCTGGGTLCOGGEEATEETGTOLTCGETOA jel=e)
481 GAGAAACAACATEGAACBACBACTTCATETCCBGACCABAAAGAGECEAGCTABACLCABBCCCCOTACCACAGBARCTACT 5608
F KN Y K8 S5 F¥Y L s T K RURETQggTM®ROPITDETF

v L P E G A AV VV HEAAPLQDVY GGV QG VLFP
1:x 8 ABTCCTTCCRGETESRECTRCABTTET TETCCATCTCBCTGLCCCTCTTCABGATGTCEETETRCABBTECTCTTTECET 6409
561 TCAGGAAGGLCCACCCCGACETCAACAACAGETAGAS CGACEGEGAGAAGTCCTACAGCCACACGTCCATGAGAAAGBGTG 640
DK R TP S CNNDMESER KL IDTHLH®E KR

Lt H H L HL 66 ADF LA FQE G VY L VL ELEV V E AV L
54T, TCOACCACCTCOACCTIGBTRCCEAT T TCCTOGCTTTCCAGGAAGS TG TCCTCETACTTCTCETYS TGO TCGETGTCOTT 720
F41 ABBTGETEBAGET GEAATCACGEUTAAAGEAGCEAAAEGETCCTTCCACAGBAGCATEAAGABCAACACGAGCBACABGAA 720
E v V EV KT&6 I 2 E S =z L F T DEYKEWNUHKES DK
G A A E L VB D AAGZFULLAAENWVWAMAMALMAATIGAPLF
2L BRCECTRLABAACTTBTTEATEATECLEBCTGET T TETGCTCECT BUAGAABT TELTGLUBUTECTCAGBTTLCBCTCTT eloley
723 COBCGACBTGTTEAACAACTACTACGRLGALCAALAGAGGAGCEACGTCT TEAACGACEEOBALEAS T COGABRCGAGAA ARG

A 5 C F KN I @8 3T HKUQEEUSCFHNSUGS 5 L 5 R E K

L LB Q AV FL AGBGHRAIQCGCLAAG®GTS UGV AD ATUHG
801 TCTTCTTCACCAGBL TG T TITCCTCGCTRETCACGCTCAGTETCY CGUCGLARGLTCCEELGTCGCTEATECACACEGETE 880
861 AGAAGAABTEBRTCCBAGAAAMGENGEGACCAGTECEAGTCACABABCEBCSTCUBAGRECECAGTEACTACGT GTGCLAS e8e
K KV L §NE E STV S LTEGECAGEGADS I CVT

PV QL AL EGHSILALGVYELVY ASHNGL P L AV A
a1 CEGFCCAGCTEECTCTTICTGEECCACGERCTOLCTCTCEBLGTCERELTTGTT GLACACGRACTLOCGCTTGLTGTCGCT e84
831 GCCAGGETCRACCEAGAABALCEGGTECCLCEGABCGABABCCECAGCCEEAACAACE TEGT GCCTEABESCEAACEACABCEA a83
R b L g 8 K Q A VYV P E S E A D A KNGV S5 F R K S D 8

L HE A A A AL P AALLGFLD» E D ALIQQID & H L A
961 CTBCACGAAGCCGCTGCAGCTCTTCCTBCAGCC T TCTTGET T TTCTTEATEEGEAT GCCCTTCAGGATGETCACCTTEE 1840
951 GACGTEU T TCEELEACETECAGAAGGACETCEEGAAGAACCARAAGAACTACCCL TACGEEAAGTCOTACUAB TEEAACE 1046
Q VvV F & § € & KR CGEKHKTIHKIEKTEFPTIUGHKILI TV KSG

L 6 LPHFFPEV HY VDALIULPFQQQVGEG A G E
1041 CCTTEBETTTCCBCACTT TCCEGAAGT TCAGBTCETCEACRLLCTCATRCTCTTTCAGCAGLAGSTEBETGUTERTGAAS 1120
ie41 BEAACCCEAAGBCETGAAAGECCTT CAABTGCAGCAGCTECEEEABTACGAGAAASTCGTCETCCACCLACBACCACTTC 1128
K P KR Y KRFNWV DD VY G EDEK L L LHTS T F

Y A 3 AP A F L QR FGARAGBGG®SGHEHVYFLALTGTP G
1121 TTGCTCAGGCCCCTECTTTCCTGCAGTTCEEABCTAGAGCTERECEE CATCAACACGTCT TTLTTGCACTTEGALCEGET 1208
itz AACCAETCLEEEBACGAAAGGACGTUCAAGCCTCEGATCTCBACCCCCCGTACTTETGCAGAAAGAACETGAACCTGECLCA 1200
¥ 8 L& R 5 EQ L E S S S S5 PFPPMWWF VDKL KT CIKZSE8RT

P Qg VvV P VvV A Y V A L ¥V L gV A 6 QG & HAAVYVY L V P A
17061 CORCAGGT TCCABTIGCT GTTETTRCTC TGGTTCTRCAGE TGRCTGE TCAGEGCRECCATGCTGRAG TECTTETACCGER 1280
1zl BGCGTCTAAGGTUAACGACAACAACBAGAC CAABACGTCCACTEALCABTCCCEGUCEETACBACBTCAGGAACATEBLCE 1283
R LN WHSNDNSGSBSOQGSHNQgLHSTLAANMSTGCDKY R S
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Figure 3 (continued)

L. D AP L G QHEGEV EV L G L O ACLAVY LV gV
128% TCTTGATGCCLCRCTTEEACARCACGET GAABT CRAAGTCCTCEGECTTCAGGLTTETCTCOCLETTCTTGTECAGETAG izse
1282 AGAACTACEERECEAACC TE TCETEGCCACT TCAGCTTCAGEAGLCLOAAGTECCBAACABAGCE GLAAGAACACGTLCATE 1386
#£ I ¢ R K 8§ LV TF p¥Ff D &P XK LS T E 6 N K HLY

v 6 ¢ A A L A S E L Q AL GG ADEVY HV E 5 A G G L A
1361 TTEECCAGEL TECTCTTBCT TCTGAACT TCABSLCCTEOBERCTEAT GAAGTACACETCRAATCTRCCGELEETCTTGCD 144
1361 AACCEETLCEACEAGAACTEAAGACT TEAAGTLCSGEACCCCCEACTACTTCATET GCAGC TTAGACGECCACCABAACES 1440
WA L & 85 K S RFKLGQ®P 8 I F YV DFRGATIK G

E ¢ P L L HHPLPAAGMHAULPTUELEZGS S GGG & A E L
1441 GAACAGCCELTECTTCACCACCCECTCCLAGCCGCAGBECACGCTCTTCLRACACTCGET TCOGELEGTHREGLTEAATT 1526
1441 CITGTCGGCRACGAAGTEETEEECCAGGETCEEUCTCCLATECOABAAGGCTGTRAGCCAAGGLCGCCACCECGGLTTBA 1528
F LR G KV V REUW®WGEC PV 35 KRZUECETGATAG F g

& A G D RF L GQJQOGVY A LA AP L D HHBELFEFLVY LA
1522 GOECGCTEECEATAGETTCLTECAECAGEEGET TELACTCGCTGCTUCELTTGATCATCATCTGTTCCTCETCCTCECEC 1600
1821 COCGCEACCELTATCCAACBACGTCETCLOCEARCETGABCGACEAGELGAACTAGTAGTAGACAAGHAGCAGEAGLGEE 1600
A S AT P E g L L P R D E S S R KIMMOQETETDTEGSG

H & FQ FHGHI®FLPLQVVEBBBY 6 HQQP L AATGH
1691 ACTCTITCCAGTTOCATGECCACATLTTOCTICCECAGETCET TEEGOEBETCGEECACCAGTSCECTCECTSCTGOTCA 1680
1661 TGAGAAAGETGAAGGTACCEG TG TAGAAGEAAGGCET CCAGCAACCCUCCOAGCLCETRR TCRGUGAGCGACGACCAGTE 1680
VR EL EMAVY I EHK®RTLDXNX®PPDIDPV LRETZSSTWV

G R 6 6G 5 AV AQQAQATFQAGSAHTES® GIKLGEGT

1681 GETAGEGHEGEGET COBERETCECCCAGEETCAGELTTTCCAGGLEGETEETELCCATEGTRECAAGETESGTACC 1758

1681 CCATCGCOBOCBAGGCGCCAGCEEE TLEBAGTCEAMGETECEECOAGLALGOGTACCACCETTCBAACCATEE 1758
TP A AGRDGLSLSETLTGETTTGBMTATLKT G
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Figure 5

Partial segquence of the pFroupl vector
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Figure 5 (continued)

AAAAACAGCATTCCAGGTATTAGAAGAATATC CTCATTCAGGT{%MAATAT ¥ G“E'TGATG(‘ GCTGGCAGTGTTCCTGCGCC
TTTTTGTCCTAAGGTCCATAATCTTCT TATAGGACTAAGTCCACTTT TATAACAACTACGCGACUGTCACAAGBACECGE

vy Froreer T"’AACAGC(:ATCGCGTATTTCGTC GCTCAGGOGCAATCACGRATE
CCAACGTAABCTAABGACAAAGAT TAACAGEAAAATTGTCECTAGCECATAMAGCAGAGGEAGTCCGCGTTAGTECT TAL

T wp X 5 X 3 Ve
Sy A S SR
I\ATMCGGTTFGGTTGATGCGAGTGATTTTG!\TGACGAGCG"F/\!\TGGCTC GCCTGTTGAACAAG ¥ CTGGAAA(‘AAATGFA
TTATTGCCAMACCAACTACGCTCACTAAALCTACTECTCECATTACCGACCGRACAACTTETICABGACCTTTCTTTACET

R S IR Sl g
?MACTTTTGCCATTCTCACCGGATTCAETCG I CACT CATGGTGATTIC YCACTYGATAACCTFATF?TTGACGAGGGGA
ATTTIEAAAACGETAAGAGTGROCTAAGTCAGCABTGAGTACCAL TAAMAGAGTGAACTATTGGAATAAARACTGETCCCCT

: e - 0 S - s -
GGTGAGTT‘TCTCCTTCATTACAGAAACGGCTTTTTCMAMTATGGTATFGA i AATCCTGATATGAATAAATTGCAGTT
CCACTCAAAAGAGGAAGTAATGTCT T TGCCEAAAMAAGTTTTTATACCATAACTATTAGGACTATACT TATTTAACGTCAA

S N W L * H W QS I T L T *
TCATTT(‘ ATGCTCGAT(‘AGTT T TTCTAA TCAGAATTEETTAATTEETTETAACACTGGCAGAGCATTACGCTGACTTGAC
AGTAAACTACGAGCTACTCAAAAAGATTAGTCTTAACCAAT TAACCAACATTETBACCEBTCTCGTAATGCGACTGAATCTS
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Figure 6
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1
METHOD FOR DETERMINING
FRAMESHIFT MUTATIONS IN CODING
NUCLEIC ACIDS

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted via. EFS-Web and is hereby incorporated
by reference in its entirety. Said ASCII copy, created on Jul.
28, 2010, is named WEICKMS86.txt, and is 76,815 bytes in
size.

The present invention relates to a method for identifying
frameshift mutations in coding nucleic acid sequences.

Genetic information is organised in coding nucleic acids in
the form of base triplets or codons. However, errors fre-
quently occur in gene synthesis in the form of various kinds of
mutations. The majority of the mutations are single-base
deletions and insertions (approx. 90%). In contrast with most
substitutions, virtually all insertions and deletions give rise to
what are known as frameshifts. If a base is lost from a gene in
the course of a mutation (deletion) or if a base is added
(insertion), this changes the reading frame of the following
basetriplets. A frameshift mutation has a substantially greater
biological impact than a substitution. From the insertion/
deletion onwards, other amino acids are encoded and trans-
lation is usually terminated due to out-of-frame stop codons.

As the length of a synthesised gene increases, the probabil-
ity of a mutation occurring likewise greatly increases. The
majority of unwanted mutations occur due to the absence or
the insertion of individual bases into oligonucleotides. The
probability of a base being substituted during the synthesis of
genes or gene libraries amounts to approximately 0.1-0.2%
per position, while the probability of an insertion/deletion is
1.0-1.5% per position. For example, Kong et al., Nucleic
Acids Res. (2007), 35:e61 observed a deletion rate of 1.48%
per position and a substitution rate of 0.3% per position in
chip-based gene synthesis. Around half of the substitutions
were in turn due to PCR errors.

The reading frameshift which occurs in the event of inser-
tions and deletions may be exploited in order, by means of a
reporter vector, to select those nucleic acid fragments which
have an intact reading frame. European patent application EP
0 872 560 accordingly discloses a method for identifying
frameshift mutations, in which homologous recombination is
used to produce a construct which contains a promoter, a gene
to be investigated and a reporter gene in the same reading
frame as the gene to be investigated. Upon expression of the
reading frame, a fusion protein is obtained which contains the
reporter gene function. The latter may be detected by means
of phenotypic characteristics.

One drawback, however, is that, for the procedure
described in EP 0 872 560, the gene to be investigated must
not comprise any internal stop codons within the open reading
frame (ORF). However, many synthesised genes do comprise
such internal stop codons.

In the light of the above problem, the object of the present
invention was to provide a method for identifying frameshift
mutations which is suitable for any coding nucleic acids and
in particular also for nucleic acids which comprise internal
stop codons.

According to the invention, said object is achieved by a
method for identifying frameshift mutations in coding target
nucleic acids which comprises the steps:

(1) providing a host cell comprising a double-stranded nucleic

acid, which comprises a coding target nucleic acid and a

coding opposite strand nucleic acid complementary
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thereto, in which the opposite strand nucleic acid is present

in operative linkage with a reporter gene in 3'-position;
(ii) effecting expression of the opposite strand nucleic acid;

and
(iii) identifying whether expression of the reporter gene
occurs in the host cell,
in which expression of the reporter gene indicates that the
target nucleic acid does not comprise a frameshift mutation.

According to the invention, the phrase “does not comprise
a frameshift mutation” should be taken to mean that the target
nucleic acid either comprises absolutely no frameshift muta-
tion or that a plurality of mutations are present in the target
nucleic acid, which, viewed in isolation, would result in a
reading frameshift, but cancel each other out again. For
example, a combination of insertions and deletions may be
present in the target nucleic acid which however cancel each
other out again, such that the reading frame is not modified
and the reporter gene may still be correctly read.

The inventors have found that, instead of the coding target
nucleic acid, a coding opposite strand nucleic acid comple-
mentary thereto may be used to identify frameshift mutations.

In this connection, the term “coding” should be taken to
mean that the opposite strand nucleic acid is such that it
enables expression of the 3'-linked reporter gene. However,
the opposite strand nucleic acid need not necessarily be
defined for this purpose by an open reading frame.

When the method according to the invention is carried out,
a host cell is first provided which comprises a double-
stranded nucleic acid which contains a coding target nucleic
acid and a coding opposite strand nucleic acid complemen-
tary thereto. The target nucleic acid preferably comprises a
synthetically produced sequence. In the host cell, the opposite
strand nucleic acid is in operative linkage with a reporter gene
which is located downstream in 3'-position.

If the opposite strand nucleic acid is intact, i.e. comprises
no mutations such as in particular insertions or deletions
which result in a modification of the reading frame, on
expression a fusion polypeptide is obtained which comprises
the amino acid sequence coded by the opposite strand nucleic
acid and, C-terminally therefrom, the amino acid sequence of
the product coded by the reporter gene. If, on the other hand,
the opposite strand nucleic acid does comprise a frameshift
mutation, i.e. in particular an insertion or deletion which
modifies the reading frame, this reading frameshift results in
the reporter gene not being located in-frame relative to the
coding opposite strand nucleic acid. As a result, the reporter
gene is not expressed. The reporter is thus only expressed if
the reading frame of the opposite strand is intact.

If the opposite strand nucleic acid does not comprise any
frameshift mutations, it may be concluded that the comple-
mentary target nucleic acid itself is also intact and does not
comprise any frameshift mutations.

The method of the present invention has the advantage that,
even if internal stop codons are present in the target nucleic
acid, it is possible to identify frameshift mutations by using a
reporter gene. When the reading frame in the opposite strand
is used, internal stop codons of the target nucleic acid are
translated as Leu or Ser. Using a reading frame in the opposite
strand furthermore has the advantage that any possible toxic-
ity ofthe protein coded by the actual target nucleic acid for the
host cell is irrelevant, as only the opposite strand is translated.

A coding opposite strand nucleic acid is necessary in order
to carry out the method according to the invention. A reading
frame in the opposite strand may optionally be obtained by
appropriate optimisation of the opposite strand sequence. It
may furthermore be preferred for the opposite strand nucleic
acid to contain no internal stop codons. The complementary
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codons to the three stop codons are relatively rare, so a read-
ing frame in the opposite strand generally contains no stop
codons. In a preferred embodiment the opposite strand
nucleic acid is optionally optimised such that no internal stop
codons are present.

In a preferred embodiment according to the invention, the
opposite strand nucleic acid in the host cell in 3'-position is in
operative linkage with a reporter gene and in 5'-position is in
operative linkage with an expression control sequence.

According to the invention, an expression control sequence
is a nucleic acid sequence which controls and regulates tran-
scription and translation. The expression control sequence
may be constitutively or regulatably active in the host cell.
The phrase “in operative linkage” includes a suitable start
signal (for example ATG or AUG) before the nucleic acid
sequence to be expressed and the retention of the correct
reading frame, so enabling expression of the nucleic acid
sequence under the control of the expression control
sequence and the production of the product coded by the
nucleic acid sequence. If a nucleic acid does not contain a
suitable start signal, such a start signal may be inserted before
the nucleic acid.

In one embodiment, the provision ofa host cell in step (i) of
the method according to the invention involves the introduc-
tion of an expression vector into a host cell, wherein the
expression vector comprises the double-stranded nucleic acid
which comprises a coding target nucleic acid and a coding
opposite strand nucleic acid complementary thereto.

Expression vectors are known to a person skilled in the art
in the field of molecular biology and are described, for
example, in Sambrook et al., Molecular Cloning, A Labora-
tory Manual (1989), Cold Spring Harbor Laboratory Press.
For example, a plasmid or a viral vector may be used as
expression vector.

In one embodiment, the opposite strand nucleic acid may
be present in the expression vector in operative linkage with
a reporter gene in 3'-position. Alternatively, in another
embodiment, the expression vector may be introduced into a
host cell together with a reporter vector which comprises the
reporter gene. In a further embodiment, the expression vector
may also be introduced into a host cell which already contains
a reporter gene.

The opposite strand nucleic acid in the expression vector is
preferably in operative linkage with an expression control
sequence in S'-position. In a particularly preferred embodi-
ment, the opposite strand nucleic acid in the expression vector
is in operative linkage in 3'-position with a reporter gene and
in 5'-position with an expression control sequence.

An expression vector according to the invention may be
produced in any desired manner, for example by culturing in
host cells, preferably in bacterial cells such as for instance E.
coli cells. The expression vector conveniently contains ele-
ments which enable replication and selection in the host cell.
Alternatively, an expression vector may also be produced in
vitro by amplification in sufficient quantity, for example by
polymerase chain reaction (PCR), ligase chain reaction
(LCR) or rolling circle amplification.

Prokaryotic or eukaryotic cells or microorganisms may be
used as host cells. The host cells may be wild-type variants or
mutated or genetically manipulated host cells may be used.

According to the invention, a gene which codes for a
detectable gene product may be used as a reporter gene. For
example, the reporter gene may comprise an antibiotic resis-
tance gene, preferably kanamycin resistance. In another
embodiment, a reporter gene may be used which codes for a
fluorescent protein such as for instance GFP. It is furthermore
possible to use a reporter gene which codes for an enzyme
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which catalyses a colorimetrically measurable reaction (for
example p-galactosidase). In a further embodiment, the
reporter gene may code for a gene product which interacts
with a nucleic acid sequence present in the host cell or with a
gene product expressed in the host cell, whereby a measur-
able change in metabolic activity comes about.

The expression vector and optionally reporter vector is/are
introduced into the host cell in accordance with methods
known in the prior art, for example by (co)transfection, (co)
transformation or (co)infection of cells. The method is pref-
erably selected such that the double-stranded nucleic acid is
introduced into the host cell in such a way that, in the host cell,
the opposite strand sequence is in operative linkage with the
reporter gene.

Ineukaryotic host cells, transfection or cotransfection may,
for example, proceed by calcium phosphate coprecipitation,
lipofection, electroporation, particle bombardment, by using
bacterial proteins or by viral infection via retroviruses, aden-
oviruses etc.

Inapreferred embodiment of the invention, in step (i) of the
method a vector is provided which, in addition to the reporter
gene in operative linkage with the opposite strand nucleic
acid, comprises at least one selection marker gene. The at
least one selection marker gene is selected from any desired
genes which code for a detectable gene product, wherein the
gene product preferably differs from the gene product of the
reporter gene. For example, the selection marker gene may
comprise an antibiotic resistance gene such as for instance
p-lactamase for ampicillin resistance. Alternatively, a gene
which codes for a fluorescent protein such as for instance GP
may be used as a selection marker gene.

Selection may proceed independently of the reporter gene
by means of the selection marker gene. For example, after
selection for the first reporter gene (for example for kanamy-
cin resistance), a construct may be further up-amplified by
selection by means of the further selection marker gene (for
example for ampicillin resistance). It is furthermore possible
to further amplify constructs which contain a frameshift
mutation (for example an intentional frameshift mutation) by
selection via the second selection marker gene.

Finally, the second selection marker gene may assist in
disguising the existence of the reporter gene in connection
with a selection which has taken place, in order to protect the
method from imitation.

Step (ii) of the method according to the invention involves
effecting expression of the opposite strand nucleic acid in the
host cell. To this end, the host cell is cultured under suitable
conditions which permit expression of the opposite strand
nucleic acid.

Step (iii) involves identifying whether expression of the
reporter gene occurs in the host cell. The identification is
based on the detection of a gene product coded by the reporter
vector. Depending on the reporter gene used, the identifica-
tion may in principle comprise the identification of any phe-
notypically recognisable effects, for example morphological
changes, changes to growth behaviour, etc. If, for example,
the reporter gene codes for a fluorescent protein such as GFP,
the presence and/or the intensity of luminescence may for
example be identified by fluorescence cytometry or imaging
assays. If an antibiotic resistance gene is used as reporter
gene, the identification may be made on the basis of the
growth of host cells in the presence of antibiotics.

In one embodiment of the invention, a target nucleic acid
may be assembled from two, three or more subfragments. For
example, in the case of a 3 kB construct, three subfragments
may first be produced from oligonucleotides and these sub-
fragments then fused to form a 3 kB fragment, for example by
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fusion PCR. A construct fused in this manner from two or
more subfragments may then be ligated directly into an
expression vector according to the invention.

Since the method according to the invention is capable of
identifying frameshift mutations, but not mutations where the
reading frame is maintained, in the event that the target
nucleic acid is synthesised by PCR the amplification primer is
preferably added at the latest possible time in order to keep
the number of amplification steps as small as possible. The
greater the number of amplifiable full-length molecules, the
fewer the mutations arising due to PCR which will be present
in the PCR product.

Ofloxacin, for example, may be used after transformation
in order to reduce substitutions still further. Ofloxacin is a
gyrase inhibitor which inhibits DNA replication but, over the
short term, does not kill host cells such as E. coli cells. During
this period, a host cell has the opportunity to cleave het-
erodimers via an internal repair mechanism. Ofloxacin may
preferably be present in the medium after electroporation or
heat-shock transformation (0.5-1 h at 37° C.). The cells are
then centrifuged off, the medium together with the ofloxacin
removed and the cells are plated out.

The above-stated method is based on the fact that only in
the absence of frameshift mutations does translation of the
opposite strand give rise to a fusion protein which comprises
the reporter. Under certain circumstances, due to its size, such
a fusion protein has an elevated molecular weight and may be
present in the cell in the form of denatured aggregates. Even
if the correct reading frame is inserted, the expression and
functionality of the reporter may thus be affected or even
inhibited by the properties of the polypeptide formed. This
may lead to a reduction in the efficiency of the method, in
particular in the case of relatively large coding target nucleic
acids and corresponding opposite strand nucleic acids.

The previously disclosed procedure was further developed
by the inventors in the light of this problematic issue. It has
surprisingly been found that the strategy of translational cou-
pling known in the field may be used in the above method of
operative linkage of the coding opposite strand nucleic acid
with a reporter gene in 3'-position.

The phenomenon of conjugated translation or translational
coupling is a control mechanism in which the translation of an
upstream gene regulates the translation of a downstream
gene. One theory to explain this phenomenon assumes that
the ribosome from the translated upstream gene is passed on
to the downstream gene via a translational coupling signal
which acts as a weak ribosome-binding site. The ribosome is
not rebound here, but instead, once translation of the
upstream gene is complete, the ribosome can scan the
sequence and initiate translation of the downstream gene.
Translational coupling between two cistrons is thus mediated
via the same ribosome. The ribosome terminates translation
at a stop codon in the upstream sequence and thereupon scans
the downstream sequence, beginning the new translation at a
start codon in the vicinity of this stop codon. This scanning
operation by the ribosome proceeds in both directions, such
that continuation of synthesis may be initiated at a start codon
which overlaps with the stop codon of the preceding coding
sequence.

Translational coupling was described for the first time by
Oppenheim 1980 for the tryptophan operon in E. coli (D. S.
Oppenheim and C. Yanowski (1980), Genetics 95:789-795).
The effect is based on the fact that translation restarts after a
stop codon where there is a start codon following directly
thereafter. This gives rise to two separate polypeptide chains.
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A prerequisite for the synthesis of the second polypeptide is
that the first reading frame is correctly read up to the stop
codon.

WO 2008/077881 describes a method for selecting genes
from a gene library for improved expression efficiency,
improved expression being quantified by means of a reporter
gene which is synthesised by translational coupling with the
corresponding gene. Genes with an open reading frame are
simultaneously identified by this method. E.g. resistance
genes or GFP are mentioned as reporters. It is additionally
noted that the start codon of the reporter gene may both
overlap with the stop codon of the open reading frame and be
at a distance of up to 500 nucleotides.

WO 2008/051619 describes a method for screening DNA
libraries for identitying DNA fragments with an open reading
frame which comprise neither internal ribosomal binding
sites nor internal stop codons. The sequences are selected by
using reporter proteins which are not synthesised by covalent
fusion with the corresponding reading frame, but instead by
translational coupling, in order to prevent misfolding or mal-
function of a corresponding fusion protein. The document
additionally discloses two vector variants which either enable
positive selection of open reading frames without stop codons
via resistance markers, or effect negative selection of open
reading frames with internal ribosomal binding sites by
expression of a toxin.

Ohashi-Kunihiro et al. (Biotechniques (2007) 43(6):741-2,
754) likewise describe the selection of DNA fragments with
an open reading frame by translational coupling with a resis-
tance marker which is only expressed in the absence of inter-
nal stop codons. Further, the optimal distance between the
open reading frame and the resistance marker is determined.

It has now surprisingly been found in the present invention
that the strategy of translational coupling may be used in the
previously disclosed method for selecting coding nucleic acid
constructs for the absence of frameshift mutations. However,
in contrast with the method described in the prior art, in the
method according to the invention the open reading frame of
the opposite strand of the coding target nucleic acid is
selected by translational coupling.

The invention therefore provides a method for identifying
frameshift mutations in coding target nucleic acids which
comprises the steps:

(1) providing a host cell comprising a double-stranded nucleic
acid, which comprises a coding target nucleic acid and a
coding opposite strand nucleic acid complementary
thereto, in which the opposite strand nucleic acid is linked
via a linker with a reporter gene in 3'-position;

(ii) effecting expression of the opposite strand nucleic acid;
and

(iii) identifying whether expression of the reporter gene
occurs in the host cell,

in which expression of the reporter gene indicates that the
target nucleic acid does not comprise a frameshift mutation,
characterised in that the linker comprises a translational cou-
pler sequence which comprises a stop codon in frame to the
reading frame of the opposite strand nucleic acid and a start
codon, wherein the reporter gene is located in frame to the
start codon.

If the opposite strand nucleic acid (and thus also the
complementary target nucleic acid) does not comprise a
frameshift mutation, the opposite strand may be correctly
read up to the stop codon of the translational coupler sequence
in the linker bound in 3'-position. Translation then restarts at
the subsequent start codon of the translational coupler
sequence. Since the start codon in the linker used according to
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the invention is in frame to a subsequent reporter gene, the
reporter gene is in this case also translated.

By using translational coupling in the method of the
present invention, the expression product of the opposite
strand nucleic acid to be checked and of the reporter gene are
accordingly obtained as separate polypeptide chains.

With the assistance of the method according to the inven-
tion, even ifinternal stop codons are present in a target nucleic
acid, frameshift mutations may successfully be identified by
means of a reporter gene by using the opposite strand nucleic
acid. When the reading frame in the opposite strand is used,
internal stop codons of the target nucleic acid are translated as
Leu or Ser. Using a reading frame in the opposite strand
furthermore has the advantage that any possible toxicity of
the protein coded by the actual target nucleic acid for the host
cell is irrelevant, as only the opposite strand is translated.

According to the invention, a translational coupler
sequence comprises a stop codon, which is arranged in frame
to the opposite strand nucleic acid, and a subsequent start
codon, which is arranged in frame to the reporter gene. The
distance between the stop codon and start codon is selected
such that translational coupling is enabled. The distance pref-
erably amounts to no more than 10 base pairs.

In one embodiment of the present invention, the start codon
and stop codon of the translational coupler sequence follow
on immediately from one another. The translational coupler
sequence may, for example, comprise two separate codons,
for example TAA ATG. In another embodiment, the start
codon and stop codon of the translational coupler sequence
overlap with one another. One example of an overlap of the
stop codon with the start codon is the translational coupler
sequence TAATG.

The coupling of translation at the genetic level according to
the invention with simultaneous decoupling of the resultant
polypeptide chains results in a significant improvement to the
method for identifying correct reading frames. The system
remains independent of the folding of the polypeptide chain
formed by the opposite strand nucleic acid.

In a preferred embodiment of the invention, the linker
contains, in the reading frames shifted by +1 and -1, further
stop codons located upstream of the stop codon of the trans-
lational coupler sequence. These stop codons ensure that
translation of the shifted reading frames is terminated before
the stop codon of the translational coupler sequence is
reached. The distance of the further stop codons from the start
codon of'the translational coupler sequence is here preferably
selected such that no translational coupling occurs. A distance
of at least 30 base pairs, preferably of at least 50 base pairs,
has proved to be particularly suitable.

In a preferred embodiment, the opposite strand nucleic acid
in the host cell in 3'-position is linked via a linker with a
reporter gene and in 5'-position is in operative linkage with an
expression control sequence.

The procedure in the method according to the invention for
identifying frameshift mutations moreover corresponds to the
previously described method.

In one embodiment, the provision ofa host cell in step (i) of
the method involves the introduction of an expression vector
into a host cell, wherein the expression vector comprises the
double-stranded nucleic acid which comprises a coding target
nucleic acid and a coding opposite strand nucleic acid
complementary thereto. In the expression vector, the opposite
strand nucleic acid is preferably joined with a linker in 3'-po-
sition which comprises the translational coupler sequence.

The opposite strand nucleic acid in the expression vector is
preferably in operative linkage with an expression control
sequence in S'-position. In a particularly preferred embodi-
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ment, the opposite strand nucleic acid in the expression vector
in 3'-position is linked via a linker with a reporter gene and in
S'-position is in operative linkage with an expression control
sequence.

The expression vector and optionally reporter vector is/are
introduced into the host cell in accordance with methods
known in the prior art, for example by (co)transfection, (co)
transformation or (co)infection of cells. The method is pref-
erably selected such that the double-stranded nucleic acid is
introduced into the host cell in such a way that, in the host cell,
the opposite strand sequence is linked with the reporter gene
via the linker which comprises a translational coupler
sequence.

In a preferred embodiment, in step (i) of the method a
vector is provided which, in addition to the reporter gene
linked via a linker with the opposite strand nucleic acid,
comprises at least one selection marker gene.

FIGURES

FIG. 1 shows the plasmid map of an expression vector
according to the invention. Kanamycin resistance is present
as the reporter gene downstream of the opposite strand
nucleic acid MCS. FIG. 1 discloses the amino acid sequence
as SEQ ID NO: 17 and the nucleic acid sequence as SEQ ID
NO: 16.

FIG. 2 Streaked plates of colonies with kanamycin selec-
tion vectors (pFrame2A3b and pFrameT1) with different
Kpnl/Sacl insertions. The insertions on plate A) and B) com-
prise, on the one hand, beta-lactamase including promoter (A
and B, top), which is cloned in reverse orientation to the
kanamycin resistance gene and imparts amp resistance but
does not permit kana resistance, since the opposite strand of
promoter+beta-lactamase does not contain an open reading
frame, and, on the other hand, eGFP (C and D), which is
present here cloned in identical orientation and in-frame to
the kanamycin resistance gene. Here, the continuous reading
frame of the plus strand of eGFP enables expression of kana-
mycin resistance, while the absence of the ampicillin cassette
naturally does not permit any growth on ampicillin. These
data demonstrate that a selection for sequences with open
reading frames is possible with the assistance of the method
according to the invention.

In contrast, three colonies are streaked on plates C) and D),
which colonies contain three different insertions in negative
orientation in the pFrame2A3b kanamycin selection vector,
all three also having an open reading frame in the minus
strand. The insertions comprise the genes for eGFP (735 bp),
influenza neuraminidase (1398 bp) and human CpG-binding
protein MBD4 (1755 bp).

All three constructs are thus capable of growing on kana-
mycin. Itis, however, also clear in individual cases, namely in
particular MBD4(-) and to a lesser extent also neuraminidase
(-) and eGFP(-), that growth is stabler at 30° C. instead 0f 37°
C

These three fusion proteins from minus strand translation
plus neomycin phosphotransferase are thus capable of
imparting phenotypic and selectable kanamycin resistance.

FIG. 3 shows the sequences of the three insertions from
FIG. 2 with annotated plus and minus translation. FIG. 3A
discloses SEQ ID NOS 2, 1, 3 and 4, respectively, in order of
appearance. FIG. 3B discloses SEQID NOS 6, 5,7, 18 and 8,
respectively, in order of appearance. FIG. 3C discloses SEQ
IDNOS 10,9, 11 and 12, respectively, in order of appearance.

FIG. 4 illustrates a comparison of the selection of coding
nucleic acid constructs for the absence of frameshift muta-
tions with the assistance of a conventional cloning vector and
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a cloning vector according to the invention. The grey bars
show the result of selection using the conventional pCR Script
cloning vector, while the white bars show the result of selec-
tion using the pFr2b selection vector according to the inven-
tion.

FIG. 5 shows a partial sequence of a pFroup1 vector foruse
in the method of the invention. The opposite strand nucleic
acid (insert) was linked via a linker with a kanamycin resis-
tance gene (kan2). The linker shown in each case contains a
plurality of stop codons in the reading frames shifted by +1
and by -1 relative to the reading frame of the opposite strand
sequence. The linker furthermore contains a translational
coupler sequence (TAA ATG), the stop codon of which is in
frame to the reading frame of the opposite strand nucleic acid,
and the start codon of which is in frame to the kanamycin
resistance gene. FIG. 5 discloses SEQ ID NOS 14, 13, 15 and
19-21, respectively, in order of appearance.

FIG. 6 shows the structure of the pFroupl and pFroup2
vectors according to the invention. Both are designed for use
in E. coli. The plasmid imparts ampicillin resistance to the
host cell, independently of an insert, so ensuring straightfor-
ward multiplication. The insert to be investigated is cloned
into the vector via the Kpnl and Sacl restriction sites. Expres-
sion is under the control of a constitutive promoter.

FIG. 7 shows the coupling of the insert and kan2. A linker
is fused N-terminally to the insert, the linker bearing stops in
the +1 and -1 reading frame (out-of-frame stops). In the case
of deletions and insertions which shift the reading frame,
translation is terminated at this point. Only if the insert is
correctly translated is the resistance marker synthesised via
translational coupling, which in this case results in kanamy-
cin resistance of the host cell.

FIG. 8 shows the result of an immunoblot analysis of the
expression product of a nucleic acid sequence coding for GFP
which was inserted into the plasmids pFroup1 and 2. The GFP
synthesised in the transformed cells was investigated by
immunoblot in order to establish that translational coupling
results in the formation not of a large fusion protein, but
instead of two separate polypeptide chains. The controls used
were cells which had been transformed with GFPrev, the
opposite strand nucleic acid of GFP, which codes for a non-
sense polypeptide, or MBP. Free GFP has a size of 40 kDa
(white arrow), the GFP-Kan?2 fusion protein would be 70kDa
in size (black arrow). GFP from a comparison vector is
applied as a positive control (+). Since no linker is present
N-terminally here, it is only approx. 30 kDa in size. Transla-
tional coupling is functional both in pFroup1 and in pFroup2.
Accordingly, no detectable Kan2 fusion protein is formed.

The following exemplary embodiments are intended to
provide further illustration of the invention.

EXAMPLE 1
Selection for Absence of Frameshift Mutations

A construct produced entirely from oligonucleotides with a
length of 684 bp was cloned into the conventional pCR Script
cloning vector and into the pFr2b selection vector according
to the invention via the restriction enzymes Kpnl/Sacl. The
sequence of the construct was designed by alternative codon
selection such that, in addition to the biologically relevant
reading frame (with a terminal stop codon), it comprises a
second open reading frame in reverse direction. This does not,
however, have any effect on the biologically relevant protein
coded on the sense strand.

Ligation of the construct (insert) into the pFr2b vector
gives rise to an open reading frame within the vector which is
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composed of start+reverse insert+selection gene (kana). Only
if the insert’s reading frame is intact can kana be correctly
translated and enable growth of the cell/colony.

The ligations were transformed into E. coli and plated out
onto selection plates comprising 50 pug/ml of kanamycin.
Plasmid DNA was isolated from individual grown colonies,
sequenced and analysed in accordance with the following
criteria listed in Table 1.

TABLE 1
Construct Vector
0800349 0800349
pCR-Script pFr2b
Orientation Reverse Reverse
Size 684 bp 684 bp
Peer group 37 23
Total insertions 12 0
Insertions per construct 0.32 0.00
Insertions per kb 0.47 0.00
Total deletions 20 4
Deletions per construct 0.54 0.17
Deletions per kb 0.79 0.25
Constructs with indel 22 3
Constructs with indel (%) 59% 13%
Constructs with in-frame indel 2 3
Constructs with in-frame indel (%) 5% 13%
Total transitions 2 2
Transitions per construct 0.05 0.09
Transitions per kb 0.08 0.13

Total transversions 1 0

Transversions per construct 0.03 0.00
Transversions per kb 0.04 0.00
Constructs with substitution 3 2
Constructs with substitution (%) 8% 9%
Constructs with ORF 17 23
Constructs with ORF (%) 46% 100%
Constructs without indels 15 20
Constructs without indels (%) 41% 87%
Correct constructs 15 18
Correct constructs (%) 41% 78%
Indels
pCR script pFr2b
>3 bp del (size) 3 (8 bp, 0
591 bp,
456 bp)
3 bpdel 0 2
2 bpdel 1 1
1 bpdel 15 1
1 bpins 12 0
2 bpins 0 0
3 bpins 0 0
>3 bp ins 0 0

The terms and abbreviations used in Table 1 above have the
following meanings:

Construct Name of the construct. The gene was in each case
cloned into the vectors via Kpnl/Sacl.

Vector pCR-Script: conventional cloning vector; pFr2b:
selection vector according to the invention for open read-
ing frames

Orientation Orientation in which cloning into the vector was
performed. Only of relevance to pFr2b. Cloning was there-
fore performed here such that the reverse reading frame of
the gene is present in fused form with the selection cassette.

Size Length of the gene in bp.

Peer group Number of sequenced clones.

Total insertions Total number of insertions found in the ran-
dom sample.

Insertions per construct Calculated insertions per construct.

Insertions per kb Calculated insertions per kilobase.
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Total deletions Total number of deletions found in the random
sample.

Deletions per construct Calculated deletions per construct.

Deletions per kb Calculated deletions per kilobase.

Constructs with indel Total number of constructs found in the
random sample with at least one insertion or deletion. In
the case of pFr2b, this is not identical to the sum of all
insertions deletions, since in this case there is one construct
with two deletions, for example.

Constructs with indel (%) Percentage of constructs in the
random sample with at least one insertion or deletion.
Distinctly fewer constructs with indels are found in the
case of pFr2b (13% vs. 59%). See FIG. 4.

Constructs with in-frame indel Total number of constructs
found in the random sample with at least one insertion or
deletion which, however, does not interrupt the reverse
open reading frame. It should be noted that in the case of
pFr2b the three constructs with an indel still nevertheless
comprise an intact reverse open reading frame. The reason
for this is that two constructs have a 3 bp deletion, one
construct has a 1 bp deletion and shortly thereafter also a 2
bp deletion; these do not interrupt the reading frame since
the deletions are divisible by three, as is mentioned in the
general part of the description.

Constructs with in-frame indel (%) Percentage of constructs
found in the random sample with at least one insertion or
deletion which, however, does not interrupt the reverse
open reading frame.

Total transitions Total number of transitions found in the
random sample (purine <-> purine or pyrimidine <->
pyrimidine).

The fact that transitions are more frequently observed than
transversions indicates that the substitutions were not
introduced by oligonucleotide errors, but instead by
PCR errors.

Transitions per construct Calculated transitions per construct.

Transitions per kb Calculated transitions per kilobase.

Total transversions Total number of transversions found in the
random sample (purine <—> pyrimidine).

Transversions per construct Calculated transversions per con-
struct.

Transversions per kb Calculated transversions per kilobase.

Constructs with substitution Total number of transitions+
transversions (=substitutions) found in the random sample.

Constructs with substitution (%) Percentage of constructs in
the random sample with at least one substitution. No selec-
tion is made by pFr2b with regard to substitutions. See FI1G.
4.

Constructs with ORF Total number of constructs found in the
random sample with a reverse open reading frame.

Constructs with ORF (%) Percentage of constructs in the
random sample with a reverse open reading frame. It
should be noted that this value is 100% in the case of pFr2b.
See FIG. 2.

Constructs without indels Total number of constructs found in
the random sample without an insertion or deletion.

Constructs without indels (%) Percentage of constructs in the
random sample without an insertion or deletion. It should
be noted that this value is 87% in the case of pFr2b, i.e.
more than twice as high as without corresponding selec-
tion.

Correct constructs Total number of constructs found in the
random sample which have neither an insertion or deletion,
nor a substitution, which are thus 100% correct.

Correct constructs (%) Percentage of constructs in the ran-
dom sample which have neither an insertion or deletion,
nor a substitution, which are thus 100% correct. It should
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be noted that this value is 87% in the case of pFr2b, i.e.
almost twice as high as without corresponding selection.
See FIG. 4.

>3 del (size) Total number of deletions of >3 bp found in the
random sample and their size.

3 del Total number of deletions of 3 bp found in the random
sample.

2 del Total number of deletions of 2 bp found in the random
sample.

1 del Total number of deletions of 1 bp found in the random
sample.

1 ins Total number of insertions of 1 bp found in the random
sample.

2 ins Total number of insertions of 2 bp found in the random
sample.

3 ins Total number of insertions of 3 bp found in the random
sample.

>3 ins Total number of insertions of >3 bp found in the
random sample.

Result:

In the example given, cloning into the pFr2b selection
vector leads to 100% elimination of those inserts whose read-
ing frame has been destroyed by insertions or deletions. How-
ever, no selection occurs for the far rarer substitution muta-
tions. Insertions/deletions which leave the reading frame
intact are likewise not eliminated.

Overall, selection in the example given led to a yield of
78% correct constructs, whereas without selection only 41%
of the constructs were correct. The result of the selection
investigation is shown in FIG. 2.

EXAMPLE 2

The pFroupl and 2 vectors illustrated in FIGS. 5-7 were
synthesised, in which a nucleic acid to be investigated (insert)
is linked with a reporter gene via a linker which comprises a
translational coupler sequence. The vectors differ with regard
to the nature of the translational coupling. In pFroup1 the stop
and start consist of two separate codons (TAA ATG). In
pFroup2 the stop codon overlaps with the start codon
(TAATG). Any desired nucleic acid to be checked for frame-
shift mutations may be inserted at the position of the insert.

Firstof all, model inserts were purposefully tested to check
the functionality of the vectors according to the invention. In
doing so, a nucleic acid sequence coding for the green fluo-
rescent protein (GFP), the reverse complementary sequence
thereto (GFPrev) and part of the maltose binding protein
(MBP) was inserted as insert into pFroupl and 2. The GFP
and GFPrev sequences have a correct reading frame, while
the MBP insert does not have a sequence divisible by three
and thus does not have a correct reading frame.

Functioning of the vectors was first of all demonstrated in
a growth test. £. coli host cells containing the pFroup-GFP
and pFroup-GFPrev vectors exhibited resistance to ampicil-
lin and kanamycin. The pFroup-MBP vector does not impart
kanamycin resistance to the host cell, as here, due to the
incorrect reading frame, the Kan2 polypeptide is not formed
due to premature termination of translation in the linker zone.
In order to rule out the kanamycin resistance of the pFroup-
GFP construct being due to the formation of a fusion protein
from GFP and Kan2 (this could occur in pFroup1 bp skipping
the stop codon), the synthesised GFP was investigated by
immunoblot analysis (FIG. 8). It was possible to detect the
free GFP, but not a very much larger GFP-Kan2 fusion pro-
tein. Correct functioning of translational coupling in the
developed pFroupl and 2 vectors was thus demonstrated.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 21

<210> SEQ ID NO 1

<211> LENGTH: 735

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(735)

<400> SEQUENCE: 1

gag
Glu
1

ggt
Gly

ttt
Phe

cac
His

ctyg
Leu
65

gat
Asp

gta
Val

gte
Val

ttt
Phe

ggt
Gly
145

gtg
Val

ggt
Gly

ggt
Gly

acce
Thr

tte
Phe
225

cac
His

cte aag ctt gta cag ttc atc cat gee cag ggt aat acc agc ggce
Leu Lys Leu Val Gln Phe Ile His Ala Gln Gly Asn Thr Ser Gly

cac gaa ttc cag cag cac cat gtg atc acg ttt tte gtt cgg atc
His Glu Phe Gln Gln His His Val Ile Thr Phe Phe Val Arg Ile
20 25 30

gct cag gge get ctg ggt get cag gta gtg gtt atce cgg cag cag
Ala Gln Gly Ala Leu Gly Ala Gln Val Val Val Ile Arg Gln Gln
35 40 45

cgg gec atc acc aat cgg ggt gtt ctg ctg gta gtg atc ggce cag
Arg Ala Ile Thr Asn Arg Gly Val Leu Leu Val Val Ile Gly Gln

cac gct gee ate tte gat gtt gtg geg gat ttt gaa gtt cac ttt
His Ala Ala Ile Phe Asp Val Val Ala Asp Phe Glu Val His Phe
70 75 80

gce gtt ttt ctg ttt atc gge cat gat gta cac gtt gtg get gtt
Ala Val Phe Leu Phe Ile Gly His Asp Val His Val Val Ala Val
85 90 95

gtt gta ttc cag ttt gtg gce cag gat gtt acc gtc cte ttt aaa
Val Val Phe Gln Phe Val Ala Gln Asp Val Thr Val Leu Phe Lys
100 105 110

gat gcc ttt cag ttc gat acg gtt cac cag ggt atc gce ttc gaa
Asp Ala Phe Gln Phe Asp Thr Val His Gln Gly Ile Ala Phe Glu
115 120 125

cac ttc gge acg ggt ttt gta gtt gee atc ate ttt gaa gaa aat
His Phe Gly Thr Gly Phe Val Val Ala Ile Ile Phe Glu Glu Asn
130 135 140

acg ttc ctg cac gta gee tte cgg cat gge get ttt gaa gaa atc
Thr Phe Leu His Val Ala Phe Arg His Gly Ala Phe Glu Glu Ile
150 155 160

ctg ttt cat gtg atc cgg gta geg aga gaa geca ctg cac gec gta
Leu Phe His Val Ile Arg Val Ala Arg Glu Ala Leu His Ala Val
165 170 175

cag ggt ggt cac cag ggt cgg cca cgg cac cgg cag ttt gecc ggt
Gln Gly Gly His Gln Gly Arg Pro Arg His Arg Gln Phe Ala Gly
180 185 190

aca gat gaa ttt cag ggt cag ttt gcc gta ggt gge atc acc tte
Thr Asp Glu Phe Gln Gly Gln Phe Ala Val Gly Gly Ile Thr Phe
195 200 205

ttc geec gga cac gect gaa ttt gtg gec gtt cac atc gec atc cag
Phe Ala Gly His Ala Glu Phe Val Ala Val His Ile Ala Ile Gln
210 215 220

cac cag aat cgg cac cac gec ggt gaa cag tte tte gec ttt gga
His Gln Asn Arg His His Ala Gly Glu Gln Phe Phe Ala Phe Gly
230 235 240

cat atg ggt acc
His Met Gly Thr
245

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

735
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-continued

16

<210>
<211>
<212>
<213>
<220>
<223>

PRT

SEQ ID NO 2
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of

245

polypeptide

<400> SEQUENCE:

Glu Leu Lys Leu

1

Gly

Phe

Leu
65

Asp

Phe

Gly

145

Gly

Gly

Thr

Phe
225

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>

His

Ala

Arg

50

His

Ala

Val

Asp

His

130

Thr

Leu

Gln

Thr

Phe

210

His

His

Glu

Gln

35

Ala

Ala

Val

Val

Ala

115

Phe

Phe

Phe

Gly

Asp

195

Ala

Gln

Met

Phe

20

Gly

Ile

Ala

Phe

Phe

100

Phe

Gly

Leu

His

Gly

180

Glu

Gly

Asn

Gly

2

Val

5

Gln

Ala

Thr

Ile

Leu

85

Gln

Gln

Thr

His

Val

165

His

Phe

His

Arg

Thr
245

SEQ ID NO 3
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:

735

Gln Phe

Gln His

Leu Gly

Asn Arg
55

Phe Asp
70

Phe Ile

Phe Val

Phe Asp

Gly Phe
135

Val Ala
150

Ile Arg

Gln Gly

Gln Gly

Ala Glu

215

His His
230

polynucleotide

FEATURE:
NAME/KEY: CDS
LOCATION :

<400> SEQUENCE:

(1)

3

.. (735)

Ile

His

Ala

40

Gly

Val

Gly

Ala

Thr

120

Val

Phe

Val

Arg

Gln

200

Phe

Ala

His

Val

25

Gln

Val

Val

His

Gln

105

Val

Val

Arg

Ala

Pro

185

Phe

Val

Gly

Ala

Ile

Val

Leu

Ala

Asp

90

Asp

His

Ala

His

Arg

170

Arg

Ala

Ala

Glu

Artificial Sequence:

Gln

Thr

Val

Leu

Asp

Val

Val

Gln

Ile

Gly

155

Glu

His

Val

Val

Gln
235

Gly

Phe

Val

Val

60

Phe

His

Thr

Gly

Ile

140

Ala

Ala

Arg

Gly

His

220

Phe

Asn

Phe

Ile

45

Val

Glu

Val

Val

Ile

125

Phe

Phe

Leu

Gln

Gly

205

Ile

Phe

Thr

Val

30

Arg

Ile

Val

Val

Leu

110

Ala

Glu

Glu

His

Phe

190

Ile

Ala

Ala

Ser

15

Arg

Gln

Gly

His

Ala

95

Phe

Phe

Glu

Glu

Ala

175

Ala

Thr

Ile

Phe

Synthetic

Gly

Ile

Gln

Gln

Phe

80

Val

Lys

Glu

Asn

Ile

160

Val

Gly

Phe

Gln

Gly
240

Synthetic

ggt acc cat atg gtg tcc aaa ggc gaa gaa ctg tte acc ggce gtg gtg
Gly Thr His Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val

1

5

10

15

ceg att ctg gtg gaa ctg gat gge gat gtg aac ggce cac aaa ttc agce

48

96
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-continued

18

Pro Ile Leu Val Glu Leu Asp Gly Asp Val

gtg tce ggce gaa ggt gaa ggt gat gec acce
Val Ser Gly Glu Gly Glu Gly Asp Ala Thr

35 40

aaa ttc atc tgt acc acc ggc aaa ctg ccg
Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro

50

55

gtg acc acc ctg acc tac gge gtg cag tgce
Val Thr Thr Leu Thr Tyr Gly Val Gln Cys

65

70

cac atg aaa cag cac gat ttc ttc aaa agc
His Met Lys Gln His Asp Phe Phe Lys Ser

85 90

gtg cag gaa cgt acc att ttc ttc aaa gat
Val Gln Glu Arg Thr Ile Phe Phe Lys Asp

100 105

cgt gec gaa gtg aaa ttc gaa ggce gat acc
Arg Ala Glu Val Lys Phe Glu Gly Asp Thr

115 120

ctg aaa ggc atc gac ttt aaa gag gac ggt
Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly
130 135

ctg gaa tac aac tac aac agc cac aac gtg
Leu Glu Tyr Asn Tyr Asn Ser His Asn Val

145

150

cag aaa aac ggc atc aaa gtg aac ttc aaa
Gln Lys Asn Gly Ile Lys Val Asn Phe Lys

165 170

gat ggc agc gtg cag ctg gee gat cac tac
Asp Gly Ser Val Gln Leu Ala Asp His Tyr

180 185

ggt gat ggc ccg gtg ctg ctg ccg gat aac
Gly Asp Gly Pro Val Leu Leu Pro Asp Asn

195 200

agc gec ctyg age aaa gat ccg aac gaa aaa
Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys
210 215

ctg gaa ttc gtg acc gee get ggt att acc
Leu Glu Phe Val Thr Ala Ala Gly Ile Thr

225

230

tac aag ctt gag ctc
Tyr Lys Leu Glu Leu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

245

SEQ ID NO 4

LENGTH: 245

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

SEQUENCE: 4

Gly Thr His Met Val Ser Lys Gly Glu Glu

1

5 10

Pro Ile Leu Val Glu Leu Asp Gly Asp Val

20 25

Val Ser Gly Glu Gly Glu Gly Asp Ala Thr

35 40

Asn Gly

tac ggc
Tyr Gly

gtg ccg
Val Pro
60

ttc tct
Phe Ser
75

gce atg
Ala Met

gat ggc
Asp Gly

ctg gtg
Leu Val

aac atc
Asn Ile
140

tac atc
Tyr Ile
155

atc cge
Ile Arg

cag cag
Gln Gln

cac tac
His Tyr

cgt gat
Arg Asp
220

ctg gge
Leu Gly
235

Artificial Sequence:

His

aaa
Lys
45

tgg
Trp

cge
Arg

ceg
Pro

aac
Asn

aac
Asn
125

ctyg
Leu

atg
Met

cac
His

aac
Asn

ctyg
Leu
205

cac

His

atg
Met

Lys
30

ctyg
Leu

ccg
Pro

tac
Tyr

gaa
Glu

tac
Tyr
110

cgt
Arg

gge
Gly

gece
Ala

aac
Asn

ace
Thr
190

age

Ser

atg
Met

gat
Asp

Phe

ace
Thr

ace
Thr

ccg
Pro

gge
Gly
95

aaa
Lys

ate
Ile

cac
His

gat
Asp

ate
Ile
175

ccg
Pro

ace
Thr

gtg
Val

gaa
Glu

Leu Phe Thr Gly Val

15

Asn Gly His Lys Phe

30

Tyr Gly Lys Leu Thr

45

Ser

ctyg
Leu

ctyg
Leu

gat
Asp

tac
Tyr

ace
Thr

gaa
Glu

aaa
Lys

aaa
Lys
160

gaa
Glu

att
Ile

cag
Gln

ctyg
Leu

ctyg
Leu
240

144

192

240

288

336

384

432

480

528

576

624

672

720

735

Synthetic

Val

Ser

Leu
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-continued

20

Lys

Arg

Leu

Leu

145

Gln

Asp

Gly

Ser

Leu

225

Tyr

<210>
<211>
<212>
<213>
<220>
<221>
<222>

Phe

50

Thr

Met

Gln

Ala

Lys

130

Glu

Lys

Gly

Asp

Ala

210

Glu

Lys

Ile

Thr

Lys

Glu

Glu

115

Gly

Tyr

Asn

Ser

Gly

195

Leu

Phe

Leu

Cys

Leu

Gln

Arg

100

Val

Ile

Asn

Gly

Val

180

Pro

Ser

Val

Glu

FEATURE:
NAME /KEY :
LOCATION :

<400> SEQUENCE:

gag
Glu
1

cge

Arg

aaa
Lys

gece
Ala

ggt
Gly
65

ggt
Gly

ggt
Gly

ggt

cte
Leu

gece
Ala

get
Ala

acg
Thr
50

cag
Gln

aat
Asn

cca
Pro

gct

acg
Thr

ate
Ile

aat
Asn
35

aat
Asn

ttc
Phe

cge
Arg

gece
Ala

ttt

get
Ala

cgg
Arg
20

get
Ala

cag
Gln

cgg
Arg

cac
His

gtt
Val
100

ggt

Thr Thr
Thr Tyr
70

His Asp
85

Thr Ile

Lys Phe

Asp Phe

Tyr Asn
150

Ile Lys
165

Gln Leu

Val Leu

Lys Asp

Thr Ala

230

Leu
245

SEQ ID NO 5
LENGTH:
TYPE: DNA
ORGANISM:

1398

Gly

Gly

Phe

Phe

Glu

Lys

135

Ser

Val

Ala

Leu

Pro

215

Ala

Lys

Val

Phe

Phe

Gly

120

Glu

His

Asn

Asp

Pro

200

Asn

Gly

Influenza virus

CDsS

(1) ..(1398)

5

gct gec
Ala Ala

cca gct
Pro Ala

gct gec
Ala Ala

tte cac
Phe His

atg ctg
Met Leu
70

aat atc
Asn Ile
85

cgg atc
Arg Ile

acg gcc

tta
Leu

cca
Pro

get
Ala

cca
Pro
55

cac
His

ctyg
Leu

cca
Pro

aat

tta
Leu

get
Ala

ggt
Gly

aaa
Lys

aaa
Lys

ttt
Phe

aat
Asn

cca

Leu

Gln

Lys

Lys

105

Asp

Asp

Asn

Phe

His

185

Asp

Glu

Ile

ttt
Phe

cac
His
25

cca

Pro

gca
Ala

get
Ala

cac
His

cat
His
105

cac

Pro

Cys

Ser

90

Asp

Thr

Gly

Val

Lys

170

Tyr

Asn

Lys

Thr

ate
Ile
10

ggt
Gly

aat
Asn

cgg
Arg

gece
Ala

get
Ala
90

ttc
Phe

gce

Val

Phe

75

Ala

Asp

Leu

Asn

Tyr

155

Ile

Gln

His

Arg

Leu
235

aat
Asn

ate
Ile

ggt
Gly

acyg
Thr

get
Ala
75

aaa
Lys

aaa
Lys

atc

Pro

60

Ser

Met

Gly

Val

Ile

140

Ile

Arg

Gln

Tyr

Asp

220

Gly

ggt
Gly

get
Ala

get
Ala

aat
Asn
60

ata
Ile

get
Ala

gece
Ala

gee

Trp

Arg

Pro

Asn

Asn

125

Leu

Met

His

Asn

Leu

205

His

Met

aaa
Lys

gtt
Val

tte
Phe
45

gca
Ala

gece
Ala

get
Ala

get
Ala

ata

Pro

Tyr

Glu

Tyr

110

Arg

Gly

Ala

Asn

Thr

190

Ser

Met

Asp

cgg
Arg

cac
His
30

ttt
Phe

ate
Ile

get
Ala

ate
Ile

acg
Thr
110

ttt

Thr

Pro

Gly

95

Lys

Ile

His

Asp

Ile

175

Pro

Thr

Val

Glu

cag
Gln
15

gce

Ala

cgg
Arg

cag
Gln

cca
Pro

ggt
Gly
95

get
Ala

aaa

Leu

Asp

80

Tyr

Thr

Glu

Lys

Lys

160

Glu

Ile

Gln

Leu

Leu
240

ttc
Phe

gca
Ala

acg
Thr

gece
Ala

ate
Ile
80

gece
Ala

gtt
Val

gct

48

96

144

192

240

288

336

384
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US 9,115,390 B2

-continued

22

Gly

Lys

gece
Ala
145

aat
Asn

acg
Thr

cge
Arg

cag
Gln

ata
Ile
225

get
Ala

gtt
Val

cac
His

get
Ala

acg
Thr
305

ggt
Gly

gtt
Val

get
Ala

gece
Ala

cgg
Arg
385

ttc

Phe

gece
Ala

Ala

gece
Ala
130

ggt
Gly

ata
Ile

gtt
Val

ate
Ile

ttc
Phe
210

get
Ala

gece
Ala

acg
Thr

cge
Arg

ggt
Gly
290

get
Ala

acg
Thr

cag
Gln

gca
Ala

aat
Asn
370

gca

Ala

ggt
Gly

ggt
Gly

Phe
115

ttt
Phe

gece
Ala

gece
Ala

get
Ala

cgg
Arg
195

cac
His

cge
Arg

gtt
Val

cca
Pro

cac
His
275

gece
Ala

gtt
Val

atg
Met

cag
Gln

get
Ala
355

acg

Thr

cag
Gln

cag
Gln

ctyg
Leu

Gly

cac
His

ate
Ile

aat
Asn

gece
Ala
180

ata
Ile

get
Ala

ctyg
Leu

cac
His

get
Ala
260

cge
Arg

ate
Ile

ata
Ile

cgg
Arg

cge
Arg
340

aat
Asn

aat
Asn

get
Ala

cgg
Arg

aat
Asn
420

Thr

gece
Ala

gtt
Val

ctyg
Leu
165

atg
Met

gca
Ala

ttt
Phe

gece
Ala

gca
Ala
245

ttt
Phe

gece
Ala

atg
Met

cgg
Arg

get
Ala
325

gece
Ala

aaa
Lys

gtt
Val

get
Ala

gtt
Val
405

get
Ala

Ala

ata
Ile

cgg
Arg
150

ata
Ile

cca
Pro

get
Ala

cac
His

gtt
Val
230

cge
Arg

aat
Asn

gtt
Val

gca
Ala

get
Ala
310

acg
Thr

ctyg
Leu

cgg
Arg

gtt
Val

gtt
Val
390

ggt
Gly

atg
Met

Asn

cge
Arg
135

acg
Thr

tte
Phe

gtt
Val

gca
Ala

cac
His
215

get
Ala

gca
Ala

ggt
Gly

ate
Ile

cge
Arg
295

cgg
Arg

ate
Ile

ggt
Gly

tte
Phe

ate
Ile
375

gee

Ala

gtt
Val

get
Ala

Pro
120

gece
Ala

cgg
Arg

cag
Gln

ate
Ile

ttc
Phe
200

ttt
Phe

cgg
Arg

ttc
Phe

ate
Ile

cgg
Arg
280

get
Ala

cge
Arg

ttt
Phe

cag
Gln

acg
Thr
360

ttt
Phe

cge
Arg

get
Ala

cac
His

His

gtt
Val

gtt
Val

gtt
Val

acg
Thr
185

ttc
Phe

gece
Ala

gece
Ala

get
Ala

ggt
Gly
265

gece
Ala

cge
Arg

ttc
Phe

cac
His

aaa
Lys
345

aat
Asn

get
Ala

cag
Gln

aat
Asn

cca
Pro
425

Ala

cgg
Arg

ate
Ile

ctyg
Leu
170

gca
Ala

ata
Ile

ttt
Phe

ate
Ile

ttc
Phe
250

aat
Asn

get
Ala

get
Ala

gece
Ala

ggt
Gly
330

aaa
Lys

cac
His

atg
Met

ggt
Gly

get
Ala
410

aat
Asn

Ile

get
Ala

gee
Ala
155

gtt
Val

cac
His

atg
Met

tte
Phe

ggt
Gly
235

ctg
Leu

aat
Asn

aat
Asn

cca
Pro

cac
His
315

gee
Ala

ggt
Gly

aaa
Lys

cac
His

cac
His
395
tte

Phe

get
Ala

Ala

cat
His
140

aaa
Lys

Lys

gca
Ala

ata
Ile

cat
His
220

cat
His

ggt
Gly

gece
Ala

gece
Ala

cge
Arg
300

cgg
Arg

gtt
Val

acg
Thr

cac
His

cge
Arg
380

get
Ala

cge
Arg

Asn

Ile
125

cgg
Arg

cac
His

get
Ala

ggt
Gly

gtt
Val
205

ttt
Phe

cac
His

acg
Thr

gtt
Val

aat
Asn
285

cac
His

gca
Ala

get
Ala

gca
Ala

ate
Ile
365

cca

Pro

cge
Arg

ctyg
Leu

cat
His

Phe

gece
Ala

gece
Ala

cac
His

aat
Asn
190

cgg
Arg

aaa
Lys

ggt
Gly

cag
Gln

ata
Ile
270

ggt
Gly

get
Ala

get
Ala

atg
Met

ttc
Phe
350

gece
Ala

gece
Ala

cac
His

atg
Met

gtt
Val
430

Lys

gca
Ala

get
Ala

cca
Pro
175

ttc
Phe

cge
Arg

aat
Asn

aaa
Lys

aat
Asn
255

ttt
Phe

cag
Gln

ttc
Phe

cat
His

ttt
Phe
335

cag
Gln

ttt
Phe

acg
Thr

cge
Arg

ctyg
Leu
415

gece
Ala

Ala

get
Ala

gca
Ala
160

cgg
Arg

gece
Ala

ate
Ile

ttt
Phe

gca
Ala
240

gtt
Val

cag
Gln

cca
Pro

aaa
Lys

cag
Gln
320

ate
Ile

atg
Met

get
Ala

aat
Asn

ttt
Phe
400

get
Ala

aat
Asn

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296
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US 9,115,390 B2

-continued

24

ctyg
Leu

ggt
Gly

ggt
Gly
465

cag
Gln

aat
Asn
450

ace
Thr

cat
His
435

aat
Asn

cag gect cac
Gln Ala His

ttt ctg gtt
Phe Leu Val

<210> SEQ ID NO 6

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Glu

1

Arg

Lys

Ala

Gly

65

Gly

Gly

Gly

Lys

Ala

145

Asn

Thr

Arg

Gln

Ile

225

Ala

Ala

Thr
305

Leu

Ala

Ala

Thr

50

Gln

Asn

Pro

Ala

Ala

130

Gly

Ile

Val

Ile

Phe

210

Ala

Ala

Thr

Arg

Gly

290

Ala

Thr

Ile

Asn

35

Asn

Phe

Arg

Ala

Phe

115

Phe

Ala

Ala

Ala

Arg

195

His

Arg

Val

Pro

His
275

Ala

Val

Ala

Arg

20

Ala

Gln

Arg

His

Val

100

Gly

His

Ile

Asn

Ala

180

Ile

Ala

Leu

His

Ala
260
Arg

Ile

Ile

466

ggt
Gly

cgg
Arg
455

gece
Ala
440

gtt
Val

Influenza virus

6

Ala

5

Pro

Ala

Phe

Met

Asn

85

Arg

Thr

Ala

Val

Leu

165

Met

Ala

Phe

Ala

Ala

245

Phe

Ala

Met

Arg

Ala

Ala

Ala

His

Leu

70

Ile

Ile

Ala

Ile

Arg

150

Ile

Pro

Ala

His

Val

230

Arg

Asn

Val

Ala

Ala
310

Leu

Pro

Ala

Pro

55

His

Leu

Pro

Asn

Arg

135

Thr

Phe

Val

Ala

His

215

Ala

Ala

Gly

Ile

Arg
295

Arg

Leu

Ala

Gly

40

Lys

Lys

Phe

Asn

Pro

120

Ala

Arg

Gln

Ile

Phe

200

Phe

Arg

Phe

Ile

Arg
280

Ala

Arg

aat
Asn

cat
His

Phe

His

Pro

Ala

Ala

His

His

105

His

Val

Val

Val

Thr

185

Phe

Ala

Ala

Ala

Gly
265
Ala

Arg

Phe

cac
His

ggt
Gly

Ile

10

Gly

Asn

Arg

Ala

Ala

Phe

Ala

Arg

Ile

Leu

170

Ala

Ile

Phe

Ile

Phe

250

Asn

Ala

Ala

Ala

cat
His

cge
Arg

Asn

Ile

Gly

Thr

Ala

75

Lys

Lys

Ile

Ala

Ala

155

Val

His

Met

Phe

Gly

235

Leu

Asn

Asn

Pro

His
315

gca
Ala

acg
Thr
460

Gly

Ala

Ala

Asn

60

Ile

Ala

Ala

Ala

His

140

Lys

Lys

Ala

Ile

His

220

Gly

Ala

Ala

Arg
300

Arg

aat gct
Asn Ala
445

gcc acg
Ala Thr

Lys Arg

Val His

Phe Phe
45

Ala Ile

Ala Ala

Ala Ile

Ala Thr
110

Ile Phe
125

Arg Ala

His Ala

Ala His

Gly Asn
190

Val Arg
205

Phe Lys

His Gly

Thr Gln

Val Ile
270

Asn Gly
285

His Ala

Ala Ala

gece
Ala

ata
Ile

Gln

15

Ala

Arg

Gln

Pro

Gly

Ala

Lys

Ala

Ala

Pro

175

Phe

Arg

Asn

Lys

Asn

255

Phe

Gln

Phe

His

aat
Asn

acg
Thr

Phe

Ala

Thr

Ala

Ile

80

Ala

Val

Ala

Ala

Ala

160

Arg

Ala

Ile

Phe

Ala

240

Val

Gln

Pro

Lys

Gln
320

1344

1392

1398
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US 9,115,390 B2

-continued

26

Gly

Ala

Ala

Arg

385

Phe

Ala

Leu

Gly

Gly
465

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<220>
<221>
<222>

Thr

Gln

Ala

Asn

370

Ala

Gly

Gly

Gln

Asn

450

Thr

Met

Gln

Ala

355

Thr

Gln

Gln

Leu

His

435

Asn

Arg

Arg

340

Asn

Asn

Ala

Arg

Asn

420

Gln

Phe

FEATURE:
NAME /KEY :
LOCATION :
FEATURE:
NAME /KEY :
LOCATION :

<400> SEQUENCE:

ggt
Gly
1

att

Ile

ctyg
Leu

acce
Thr

acce
Thr
65

tgc
Cys

Ile

tgc
Cys

ctyg
Leu

ace
Thr

ace
Thr

cag
Gln

gge
Gly

gaa
Glu

ccg
Pro

gge
Gly

agc
Ser

aac
Asn

cgt
Arg

att
Ile

att
Ile
35

agc
Ser

aaa
Lys

att
Ile

agc
Ser

cat
His
115

gat
Asp

tat
Tyr

gge
Gly
20

gge
Gly

cag
Gln

gecg
Ala

cgt
Arg

aaa
Lys
100

ctyg

Leu

aaa
Lys

Ala

325

Ala

Lys

Val

Ala

Val

405

Ala

Ala

Leu

SEQ ID NO 7
LENGTH:
TYPE: DNA
ORGANISM:

1398

Thr

Leu

Arg

Val

Val

390

Gly

Met

His

Val

Ile

Gly

Phe

Ile

375

Ala

Val

Ala

Gly

Arg
455

Phe

Gln

Thr

360

Phe

Arg

Ala

His

Ala

440

Val

Influenza virus

CDsS

(1) ..(1374)

CDsS

(1381) ..(1398)

7

cgt
Arg

agc
Ser

aac
Asn

cat
His

gtg
Val

gge
Gly
85

gge
Gly

gaa
Glu

cat
His

gge
Gly

att
Ile

atg
Met

cag
Gln

gecg
Ala
70

tgg
Trp

gat
Asp

tgc
Cys

agc
Ser

cgt
Arg

tgc
Cys

att
Ile

gecg
Ala

agc
Ser

gecg
Ala

gtg
Val

cgt
Arg

aac
Asn

gecg
Ala

atg
Met

agc
Ser
40

gaa
Glu

gtg
Val

gtg
Val

ttt
Phe

ace
Thr
120

gge
Gly

His
Lys
345

Asn

Ala

Gln

Asn

Pro
425

Asn

His

ace
Thr

gtg
Val
25

att
Ile

agc
Ser

ace
Thr

cat
His

gtg
Val
105

ttt

Phe

ace
Thr

Gly
330

Lys

His

Met

Gly

Ala

410

Asn

His

Gly

atg
Met

att
Ile

tgg
Trp

att
Ile

ctyg
Leu

agc
Ser
90

att

Ile

ttt
Phe

gtg
Val

Ala

Gly

Lys

His

His

395

Phe

Ala

His

Arg

aac
Asn

gge
Gly

gtg
Val

agc
Ser

geg
Ala
75

aaa

Lys

cgt
Arg

ctg
Leu

aaa
Lys

Val

Thr

His

Arg

380

Ala

Arg

Asn

Ala

Thr
460

ceg
Pro

acce
Thr

agc
Ser

aac
Asn
60

gge
Gly

gat
Asp

gaa
Glu

acce
Thr

gat
Asp

Ala

Ala

Ile
365

Pro

Arg

Leu

His

Asn

445

Ala

aac
Asn

gtg
Val

cat
His
45

acce
Thr

aac
Asn

aac
Asn

ceg
Pro

cag
Gln
125

cgt
Arg

Met

Phe
350

Ala

Ala

His

Met

Val
430

Ala

Thr

cag
Gln

agc
Ser
30

agc
Ser

aac
Asn

agc
Ser

aac
Asn

ttt
Phe
110

gge
Gly

agc
Ser

Phe
335

Gln

Phe

Thr

Arg

Leu
415

Ala

Ala

Ile

aaa
Lys
15

ctyg
Leu

att
Ile

ccg
Pro

agc
Ser

att
Ile
95

att

Ile

gecg
Ala

ccg
Pro

Ile

Met

Ala

Asn

Phe

400

Ala

Asn

Asn

Thr

att
Ile

atg
Met

cag
Gln

ctyg
Leu

ctyg
Leu
80

cgt

Arg

agc
Ser

ctyg
Leu

cat
His

48

96

144

192

240

288

336

384

432
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28

-continued
130 135 140
cgt acc ctg atg age tge ccg gtg gge gaa geg ccg age ccg tat aac 480
Arg Thr Leu Met Ser Cys Pro Val Gly Glu Ala Pro Ser Pro Tyr Asn
145 150 155 160
agc cgt ttt gaa agc gtg gcg tgg age geg age geg tge cat gat gge 528
Ser Arg Phe Glu Ser Val Ala Trp Ser Ala Ser Ala Cys His Asp Gly
165 170 175
acc agce tgg ctg acc att ggce att age ggce cecg gat aac ggce gcg gtg 576
Thr Ser Trp Leu Thr Ile Gly Ile Ser Gly Pro Asp Asn Gly Ala Val
180 185 190
gcg gtg ctg aaa tat aac ggc att att acc gat acc att aaa agc tgg 624
Ala Val Leu Lys Tyr Asn Gly Ile Ile Thr Asp Thr Ile Lys Ser Trp
195 200 205
cgt aac aac att ctg cgt acc cag gaa agc gaa tgc gcg tgce gtg aac 672
Arg Asn Asn Ile Leu Arg Thr Gln Glu Ser Glu Cys Ala Cys Val Asn
210 215 220
gge age tge ttt acc gtg atg acc gat ggc ccg age aac ggc cag gcg 720
Gly Ser Cys Phe Thr Val Met Thr Asp Gly Pro Ser Asn Gly Gln Ala
225 230 235 240
agc tat aaa att ttt aaa atg gaa aaa ggc aaa gtg gtg aaa agc gtg 768
Ser Tyr Lys Ile Phe Lys Met Glu Lys Gly Lys Val Val Lys Ser Val
245 250 255
gaa ctg gat gcg ccg aac tat cat tat gaa gaa tgc agc tge tat ccg 816
Glu Leu Asp Ala Pro Asn Tyr His Tyr Glu Glu Cys Ser Cys Tyr Pro
260 265 270
gat gcg ggc gaa att acc tge gtg tge cgt gat aac tgg cat ggc age 864
Asp Ala Gly Glu Ile Thr Cys Val Cys Arg Asp Asn Trp His Gly Ser
275 280 285
aac cgt ccg tgg gtg age ttt aac cag aac ctg gaa tat cag att ggc 912
Asn Arg Pro Trp Val Ser Phe Asn Gln Asn Leu Glu Tyr Gln Ile Gly
290 295 300
tat att tgc agc ggc gtg ttt ggc gat aac ccg cgt ccg aac gat ggc 960
Tyr Ile Cys Ser Gly Val Phe Gly Asp Asn Pro Arg Pro Asn Asp Gly
305 310 315 320
acc ggc agce tgc gge ccg atg agc ccg aac ggc gcg tat ggc gtg aaa 1008
Thr Gly Ser Cys Gly Pro Met Ser Pro Asn Gly Ala Tyr Gly Val Lys
325 330 335
ggce ttt agce ttt aaa tat ggc gat ggc gtg tgg att ggc cgt acc aaa 1056
Gly Phe Ser Phe Lys Tyr Gly Asp Gly Val Trp Ile Gly Arg Thr Lys
340 345 350
agc acc aac agc cgt agce ggce ttt gaa atg att tgg gat ccg aac ggc 1104
Ser Thr Asn Ser Arg Ser Gly Phe Glu Met Ile Trp Asp Pro Asn Gly
355 360 365
tgg acc ggc acc gat agce agce ttt agc gtg aaa cag gat att gtg gcg 1152
Trp Thr Gly Thr Asp Ser Ser Phe Ser Val Lys Gln Asp Ile Val Ala
370 375 380
att acc gat tgg agc ggce tat agc ggc agc ttt gtg cag cat ccg gaa 1200
Ile Thr Asp Trp Ser Gly Tyr Ser Gly Ser Phe Val Gln His Pro Glu
385 390 395 400
ctg acc ggc ctg gat tgc att cgt ccg tgc ttt tgg gtg gaa ctg att 1248
Leu Thr Gly Leu Asp Cys Ile Arg Pro Cys Phe Trp Val Glu Leu Ile
405 410 415
cgt ggce cgt ccg aaa gaa agc acc att tgg acc agc ggc agc agce att 1296
Arg Gly Arg Pro Lys Glu Ser Thr Ile Trp Thr Ser Gly Ser Ser Ile
420 425 430
agc ttt tgc ggc gtg aac agc gat acc gtg agc tgg agc tgg ccg gat 1344
Ser Phe Cys Gly Val Asn Ser Asp Thr Val Ser Trp Ser Trp Pro Asp
435 440 445
ggc gcg gaa ctg ccg ttt acc att gat aaa taataa ggc agc agc cgt 1392
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-continued

30

Gly Ala Glu Leu Pro Phe Thr Ile Asp Lys

gag
Glu

450

cte
Leu

<210> SEQ ID NO 8

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Gly

1

Ile

Leu

Thr

Thr

65

Cys

Ile

Cys

Leu

Arg

145

Ser

Thr

Ala

Arg

Gly

225

Ser

Glu

Asp

Asn

Tyr
305

Thr

Gly

Thr

Thr

Gln

Gly

Glu

Pro

Gly

Ser

Asn

130

Thr

Arg

Ser

Val

Asn

210

Ser

Tyr

Leu

Ala

Arg
290
Ile

Gly

Phe

Arg

Ile

Ile

35

Ser

Lys

Ile

Ser

His

115

Asp

Leu

Phe

Trp

Leu

195

Asn

Cys

Lys

Asp

Gly

275

Pro

Cys

Ser

Ser

Tyr

Gly

20

Gly

Gln

Ala

Arg

Lys

100

Leu

Lys

Met

Glu

Leu

180

Lys

Ile

Phe

Ile

Ala

260

Glu

Trp

Ser

Cys

Phe
340

458

455

Influenza virus

Arg

Ser

Asn

His

Val

Gly

85

Gly

Glu

His

Ser

Ser

165

Thr

Tyr

Leu

Thr

Phe

245

Pro

Ile

Val

Gly

Gly

325

Lys

Gly

Ile

Met

Gln

Ala

70

Trp

Asp

Cys

Ser

Cys

150

Val

Ile

Asn

Arg

Val

230

Lys

Asn

Thr

Ser

Val
310

Pro

Tyr

Arg

Cys

Ile

Ala

55

Ser

Ala

Val

Arg

Asn

135

Pro

Ala

Gly

Gly

Thr

215

Met

Met

Tyr

Cys

Phe
295
Phe

Met

Gly

Ala Thr

Met Val
25

Ser Ile
40

Glu Ser

Val Thr

Val His

Phe Val
105

Thr Phe
120

Gly Thr

Val Gly

Trp Ser

Ile Ser

185

Ile Ile
200

Gln Glu

Thr Asp

Glu Lys

His Tyr

265

Val Cys

280

Asn Gln

Gly Asp

Ser Pro

Asp Gly
345

Met

10

Ile

Trp

Ile

Leu

Ser

90

Ile

Phe

Val

Glu

Ala

170

Gly

Thr

Ser

Gly

Gly

250

Glu

Arg

Asn

Asn

Asn
330

Val

Asn

Gly

Val

Ser

Ala

75

Lys

Arg

Leu

Lys

Ala

155

Ser

Pro

Asp

Glu

Pro

235

Lys

Glu

Asp

Leu

Pro
315

Gly

Trp

Pro

Thr

Ser

Asn

60

Gly

Asp

Glu

Thr

Asp

140

Pro

Ala

Asp

Thr

Cys

220

Ser

Val

Cys

Asn

Glu
300
Arg

Ala

Ile

Gly Ser Ser Arg

Asn

Val

His

45

Thr

Asn

Asn

Pro

Gln

125

Arg

Ser

Cys

Asn

Ile

205

Ala

Asn

Val

Ser

Trp

285

Tyr

Pro

Tyr

Gly

460

Gln

Ser

30

Ser

Asn

Ser

Asn

Phe

110

Gly

Ser

Pro

His

Gly

190

Lys

Cys

Gly

Lys

Cys

270

His

Gln

Asn

Gly

Arg
350

Lys

15

Leu

Ile

Pro

Ser

Ile

95

Ile

Ala

Pro

Tyr

Asp

175

Ala

Ser

Val

Gln

Ser

255

Tyr

Gly

Ile

Asp

Val
335

Thr

Ile

Met

Gln

Leu

Leu

80

Arg

Ser

Leu

His

Asn

160

Gly

Val

Trp

Asn

Ala

240

Val

Pro

Ser

Gly

Gly

320

Lys

Lys

1398
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-continued

32

Ser

Trp

Ile

385

Leu

Arg

Ser

Gly

<210>
<211>
<212>
<213>
<220>
<221>
<222>

Thr

Thr

370

Thr

Thr

Gly

Phe

Ala
450

Asn

355

Gly

Asp

Gly

Arg

Cys

435

Glu

Ser

Thr

Trp

Leu

Pro

420

Gly

Leu

<400> SEQUENCE:

gag
Glu
1

cca
Pro

cca
Pro

Asn

ate
Ile
65

cgg
Arg

tte
Phe

cat
His

cca
Pro

cgg
Arg
145

tte
Phe

cte
Leu

ate
Ile

ttc
Phe

gece
Ala

get
Ala

ttt
Phe

cge
Arg

ttt
Phe

cgg
Arg
130

cgg
Arg

ttt
Phe

ctyg
Leu

cag
Gln

atg
Met

gtt
Val
35

atg
Met

aaa
Lys

cag
Gln

get
Ala

gece
Ala
115

atc

Ile

ggt
Gly

gtt
Val

ggt
Gly

tta
Leu

ata
Ile
20

cac
His

cag
Gln

ttt
Phe

cag
Gln

cgg
Arg
100

get
Ala

atg
Met

cca
Pro

ata
Ile

acg
Thr

Arg Ser

Asp Ser

Ser Gly

390
Asp Cys
405
Lys Glu

Val Asn

Pro Phe

SEQ ID NO 9
LENGTH:
TYPE: DNA
ORGANISM: Homo sapiens
FEATURE:
NAME /KEY :
LOCATION:

1755

CDsS

Gly

Ser

375

Tyr

Ile

Ser

Ser

Thr
455

(1) ..(1755)

9

tta gct
Leu Ala

ttt gtt
Phe Val

gca aaa
Ala Lys

ttc aat
Phe Asn

cac aat
His Asn
70

ttc gct
Phe Ala
85

ata ttt
Ile Phe

ggt acg
Gly Thr

aaa cag
Lys Gln

ttt ttt
Phe Phe
150

ttt gct
Phe Ala
165

cgg aat
Arg Asn

cag
Gln

cag
Gln

aat
Asn

cgg
Arg

ggt
Gly

cac
His

tte
Phe

gtt
Val

ggt
Gly
135

aaa

Lys

get
Ala

ggt
Gly

Phe
360

Phe

Ser

Arg

Thr

Asp

440

Ile

get
Ala

ttt
Phe

acg
Thr
40

ata
Ile

ttt
Phe

ate
Ile

cag
Gln

cag
Gln
120

ttec

Phe

cge
Arg

aaa
Lys

ate
Ile

Glu

Ser

Gly

Pro

Ile

425

Thr

Asp

cag
Gln

atg
Met
25

ata
Ile

ttt
Phe

cge
Arg

acg
Thr

aaa
Lys
105

aaa

Lys

ctyg
Leu

ttt
Phe

ata
Ile

ttc
Phe

Met

Val

Ser

Cys

410

Trp

Val

Lys

ttt
Phe
10

ate
Ile

get
Ala

cca
Pro

acg
Thr

cca
Pro
90

ttt
Phe

aat
Asn

cac
His

acg
Thr

cag
Gln
170

ggt
Gly

Ile

Lys

Phe

395

Phe

Thr

Ser

tte
Phe

tte
Phe

ate
Ile

ctg
Leu

cag
Gln
75

ate
Ile

cca
Pro

ggt
Gly

cag
Gln

acyg
Thr
155

gct

Ala

aaa
Lys

Trp
Gln
380

Val

Trp

Ser

Trp

atg
Met

cgg
Arg

gtt
Val

ttt
Phe
60

ate
Ile

cge
Arg

cag
Gln

cge
Arg

gtt
Val
140

cgg
Arg

ggt
Gly

ate
Ile

Asp
365

Asp

Gln

Val

Gly

Ser
445

gtt
Val

atg
Met

gece
Ala
45

ggt
Gly

ata
Ile

ggt
Gly

cac
His

aat
Asn
125

aaa

Lys

cgg
Arg

ttt
Phe

ttt
Phe

Pro

Ile

His

Glu

Ser

430

Trp

ttc
Phe

cac
His
30

ata
Ile

cag
Gln

cag
Gln

acg
Thr

cgg
Arg
110

cag

Gln

cgg
Arg

get
Ala

acg
Thr

acg
Thr

Asn

Val

Pro

Leu

415

Ser

Pro

cca
Pro
15

ctyg
Leu

ttt
Phe

ata
Ile

gece
Ala

cge
Arg
95

aat
Asn

cag
Gln

get
Ala

cag
Gln

acg
Thr
175

ggt
Gly

Gly

Ala

Glu

400

Ile

Ile

Asp

cag
Gln

ttt
Phe

gece
Ala

ttc
Phe

cag
Gln
80

cac
His

cge
Arg

ttt
Phe

acg
Thr

cge
Arg
160

ttc
Phe

cgg
Arg

48

96

144

192

240

288

336

384

432

480

528

576
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34

-continued
180 185 190
gct gca gtt gtt atc cat ttc get gec acg ttt cag aat atc ggt atg 624
Ala Ala Val Val Ile His Phe Ala Ala Thr Phe Gln Asn Ile Gly Met
195 200 205
cag atg ttc ttt acg ttc cac cac ttc cac ttt ggt gcc aat tte tte 672
Gln Met Phe Phe Thr Phe His His Phe His Phe Gly Ala Asn Phe Phe
210 215 220
gct ttc cag aaa ggt atc ttc ata ttt ttc gtt atg tte gect atc ttt 720
Ala Phe Gln Lys Gly Ile Phe Ile Phe Phe Val Met Phe Ala Ile Phe
225 230 235 240
cge gct gca aaa ttt gtt aat aat gcc gect ggt ttt ctg ttc gect gea 768
Arg Ala Ala Lys Phe Val Asn Asn Ala Ala Gly Phe Leu Phe Ala Ala
245 250 255
aaa gtt gct gcc gct gect cag get acg tte ttt ttt ttt cac cag gect 816
Lys Val Ala Ala Ala Ala Gln Ala Thr Phe Phe Phe Phe His Gln Ala
260 265 270
gtt ttc ttc get ggt cac get cag ggt tte gee geca cge gece cgce atce 864
Val Phe Phe Ala Gly His Ala Gln Gly Phe Ala Ala Arg Ala Arg Ile
275 280 285
gct aat gca cac ggt acg atc cag ctg gct ttt ctg cge cac cgg ttce 912
Ala Asn Ala His Gly Thr Ile Gln Leu Ala Phe Leu Arg His Arg Phe
290 295 300
gct ttce cge atc cge ttt gtt gca cac gct tte acg ttt get atce get 960
Ala Phe Arg Ile Arg Phe Val Ala His Ala Phe Thr Phe Ala Ile Ala
305 310 315 320
ctg cac aaa gcc gct gca gcet ttt acg gca gcce ttt ttt ggt ttt ttt 1008
Leu His Lys Ala Ala Ala Ala Phe Thr Ala Ala Phe Phe Gly Phe Phe
325 330 335
aat cgg aat gcc ttt cag aat ggt cac ttt gcc ttt cgg ttt acg cac 1056
Asn Arg Asn Ala Phe Gln Asn Gly His Phe Ala Phe Arg Phe Thr His
340 345 350
ttt acg aaa gtt cac atc atc cac gcc ttc atc ttc ttt cag cag cag 1104
Phe Thr Lys Val His Ile Ile His Ala Phe Ile Phe Phe Gln Gln Gln
355 360 365
atg ggt gct ggt aaa gtt gct cag gcc acg gect tte ctg cag tte get 1152
Met Gly Ala Gly Lys Val Ala Gln Ala Thr Ala Phe Leu Gln Phe Ala
370 375 380
gct get get cgg cgg cat aaa cac atc ttt ttt geca ttt gect acg ggt 1200
Ala Ala Ala Arg Arg His Lys His Ile Phe Phe Ala Phe Ala Thr Gly
385 390 395 400
acg cag dgtt cca gtt gct gtt gtt gct ctg gtt ctg cag atg gct ggt 1248
Thr Gln Val Pro Val Ala Val Val Ala Leu Val Leu Gln Met Ala Gly
405 410 415
cag cgc cgc cat gct gca atc ttt ata acg gct ttt aat gcc acg ttt 1296
Gln Arg Arg His Ala Ala Ile Phe Ile Thr Ala Phe Asn Ala Thr Phe
420 425 430
gct cag cac ggt aaa atc aaa atc ttc cgg ttt cag gct ggt tte gece 1344
Ala Gln His Gly Lys Ile Lys Ile Phe Arg Phe Gln Ala Gly Phe Ala
435 440 445
gtt ttt atg cag ata gtt cgc cag gct gct ttt get acg aaa ttt cag 1392
Val Phe Met Gln Ile Val Arg Gln Ala Ala Phe Ala Thr Lys Phe Gln
450 455 460
gce ctg c¢gg get aat aaa ata cac atc aaa acg gec cgce ggt ttt gece 1440
Ala Leu Arg Ala Asn Lys Ile His Ile Lys Thr Ala Arg Gly Phe Ala
465 470 475 480
aaa cag acg ctg ttt cac cac acg ttc cca gcec gca cgg cac gct ttt 1488
Lys Gln Thr Leu Phe His His Thr Phe Pro Ala Ala Arg His Ala Phe
485 490 495
acg gca ttc ggt gce cge ggt cgc gcc aaa ctg cgce gect cgc aat cgg 1536
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-continued

36

Thr

tte
Phe

tte
Phe

acg
Thr
545

ggt
Gly

ggt
Gly

Ala

ctyg
Leu

ttc
Phe
530

cag

Gln

cgg
Arg

gece
Ala

Phe

cag
Gln
515

atc

Ile

ate
Ile

cge
Arg

cat
His

Gly
500

cag
Gln

ttc
Phe

gtt
Val

cge
Arg

ggt
Gly
580

Ala

cgg
Arg

gece
Ala

cgg
Arg

gece
Ala
565

cge
Arg

<210> SEQ ID NO 10

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Glu

1

Pro

Pro

Asn

Ile

65

Arg

Phe

Pro

Arg

145

Phe

Asn

Ala

Gln

Ala
225

Arg

Leu

Ile

Phe

Ala

50

Ala

Phe

Arg

Phe

Arg

130

Arg

Phe

Leu

Ala

Met
210

Phe

Ala

Gln

Met

Val

35

Met

Lys

Gln

Ala

Ala

115

Ile

Gly

Val

Gly

Val
195
Phe

Gln

Ala

Leu

Ile

His

Gln

Phe

Gln

Arg

100

Ala

Met

Pro

Ile

Thr

180

Val

Phe

Lys

Lys

585

Arg

gtt
Val

cac
His

cgg
Arg
550

acg

Thr

cag
Gln

Gly

gca
Ala

acg
Thr
535

atc

Ile

ate
Ile

ttt
Phe

Arg

ttc
Phe
520

ttec

Phe

cgg
Arg

gece
Ala

ggt
Gly

Homo sapiens

10

Leu

Phe

Ala

Phe

His

Phe

85

Ile

Gly

Lys

Phe

Phe

165

Arg

Ile

Thr

Gly

Phe
245

Ala

Val

Lys

Asn

Asn

70

Ala

Phe

Thr

Gln

Phe

150

Ala

Asn

His

Phe

Ile
230

Val

Gln

Gln

Asn

Arg

55

Gly

His

Phe

Val

Gly

135

Lys

Ala

Gly

Phe

His
215

Phe

Asn

Ala

Phe

Thr

40

Ile

Phe

Ile

Gln

Gln

120

Phe

Arg

Lys

Ile

Ala

200

His

Ile

Asn

Ala
505

get
Ala

cag
Gln

cac
His

cag
Gln

ace
Thr
585

Gln

Met

25

Ile

Phe

Arg

Thr

Lys

105

Lys

Leu

Phe

Ile

Phe

185

Ala

Phe

Phe

Ala

Lys

get
Ala

ttc
Phe

cag
Gln

get
Ala
570

Phe

10

Ile

Ala

Pro

Thr

Pro

90

Phe

Asn

His

Thr

Gln

170

Gly

Thr

His

Phe

Ala
250

Leu

acyg
Thr

cat
His

acyg
Thr
555

cag
Gln

Phe

Phe

Ile

Leu

Gln

75

Ile

Pro

Gly

Gln

Thr

155

Ala

Lys

Phe

Phe

Val
235

Gly

Arg

ttt
Phe

cge
Arg
540

ttc

Phe

get
Ala

Met

Arg

Val

Phe

60

Ile

Arg

Gln

Arg

Val

140

Arg

Gly

Ile

Gln

Gly
220

Met

Phe

Ala

aat
Asn
525

cac

His

get
Ala

tte
Phe

Val

Met

Ala

45

Gly

Ile

Gly

His

Asn

125

Lys

Arg

Phe

Phe

Asn
205
Ala

Phe

Leu

Arg
510

cat

His

ate
Ile

get
Ala

cag
Gln

Phe

His

Ile

Gln

Gln

Thr

Arg

110

Gln

Arg

Ala

Thr

Thr

190

Ile

Asn

Ala

Phe

Asn

cat
His

ttc
Phe

ggt
Gly

gece
Ala
575

Pro

15

Leu

Phe

Ile

Ala

Arg

Asn

Gln

Ala

Gln

Thr

175

Gly

Gly

Phe

Ile

Ala
255

Arg

ctyg
Leu

ttt
Phe

cac
His
560

ggt
Gly

Gln

Phe

Ala

Phe

Gln

80

His

Arg

Phe

Thr

Arg

160

Phe

Arg

Met

Phe

Phe
240

Ala

1584

1632

1680

1728

1755
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-continued

38

Lys

Ala

Ala

305

Leu

Asn

Phe

Met

Ala

385

Thr

Gln

Ala

Ala

465

Lys

Thr

Phe

Phe

Thr

545

Gly

Gly

<210>
<211>
<212>
<213>
<220>
<221>
<222>

Val

Phe

Asn

290

Phe

His

Arg

Thr

Gly

370

Ala

Gln

Arg

Gln

Phe

450

Leu

Gln

Ala

Leu

Phe

530

Gln

Arg

Ala

Ala

Phe

275

Ala

Arg

Lys

Asn

Lys

355

Ala

Ala

Val

Arg

His

435

Met

Arg

Thr

Phe

Gln

515

Ile

Ile

Arg

His

Ala

260

Ala

His

Ile

Ala

Ala

340

Val

Gly

Arg

Pro

His

420

Gly

Gln

Ala

Leu

Gly

500

Gln

Phe

Val

Arg

Gly
580

<400> SEQUENCE:

ggt acc aaa ctg
Gly Thr Lys Leu

1

ctg gge gat cgt

Ala

Gly

Gly

Arg

Ala

325

Phe

His

Lys

Arg

Val

405

Ala

Lys

Ile

Asn

Phe

485

Ala

Arg

Ala

Arg

Ala

565

Arg

SEQ ID NO 11
LENGTH:
TYPE: DNA
ORGANISM :
FEATURE:

NAME /KEY :
LOCATION :

1755

Homo sapiens

CDsS

Ala

His

Thr

Phe

310

Ala

Gln

Ile

Val

His

390

Ala

Ala

Ile

Val

Lys

470

His

Arg

Val

His

Arg

550

Thr

Gln

Gln

Ala

Ile

295

Val

Ala

Asn

Ile

Ala

375

Lys

Val

Ile

Lys

Arg

455

Ile

His

Gly

Ala

Thr

535

Ile

Ile

Phe

(1) ..(1740)

11

Ala

Gln

280

Gln

Ala

Phe

Gly

His

360

Gln

His

Val

Phe

Ile

440

Gln

His

Thr

Arg

Phe

520

Phe

Arg

Ala

Gly

Thr

265

Gly

Leu

His

Thr

His

345

Ala

Ala

Ile

Ala

Ile

425

Phe

Ala

Ile

Phe

Ala

505

Ala

Gln

His

Gln

Thr
585

geg acce atg ggce acce
Ala Thr Met Gly Thr

5

gge geg geg ceg acce

Phe

Phe

Ala

Ala

Ala

330

Phe

Phe

Thr

Phe

Leu

410

Thr

Arg

Ala

Lys

Pro

490

Lys

Ala

Phe

Gln

Ala
570

Phe Phe

Ala Ala

Phe Leu

300

Phe Thr
315

Ala Phe

Ala Phe

Ile Phe

Ala Phe

380

Phe Ala
395

Val Leu

Ala Phe

Phe Gln

Phe Ala

460

Thr Ala
475

Ala Ala

Leu Arg

Thr Phe

His Arg
540

Thr Phe
555

Gln Ala

Phe

Arg

285

Arg

Phe

Phe

Arg

Phe

365

Leu

Phe

Gln

Asn

Ala

445

Thr

Arg

Arg

Ala

Asn

525

His

Ala

Phe

His

270

Ala

His

Ala

Gly

Phe

350

Gln

Gln

Ala

Met

Ala

430

Gly

Lys

Gly

His

Arg

510

His

Ile

Ala

Gln

acc gge ctg gaa agce
Thr Gly Leu Glu Ser

10

gtg acc agc age gaa

Gln

Arg

Arg

Ile

Phe

335

Thr

Gln

Phe

Thr

Ala

415

Thr

Phe

Phe

Phe

Ala

495

Asn

His

Phe

Gly

Ala
575

ctyg
Leu
15

cgt

Ala

Ile

Phe

Ala

320

Phe

His

Gln

Ala

Gly

400

Gly

Phe

Ala

Gln

Ala

480

Phe

Arg

Leu

Phe

His

560

Gly

agc
Ser

ctyg
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-continued

40

Leu

gtg
Val

ctyg
Leu

agc
Ser

gge
Gly

gaa
Glu

gat
Asp

agc
Ser

gaa
Glu
145

tat
Tyr

agc
Ser

gat
Asp

gge
Gly

gge
Gly
225

gtg
Val

cgt
Arg

gtg
Val

cag
Gln

acce
Thr
305

cgt
Arg

Gly

ccg
Pro

gaa
Glu
50

gaa
Glu

gecg
Ala

cgt
Arg

gtg
Val

ctyg
Leu
130

gat
Asp

aaa
Lys

aac
Asn

gtg
Val

ctyg
Leu
210

gtg
Val

ace
Thr

aaa
Lys

tgce
Cys

ctyg
Leu
290

ctyg

Leu

agc
Ser

Asp

gat
Asp
35

cgt
Arg

tgce
Cys

ace
Thr

gtg
Val

tat
Tyr
115

gecg
Ala

ttt
Phe

gat
Asp

aac
Asn

ttt
Phe
195

agc
Ser

gat
Asp

att
Ile

agc
Ser

aac
Asn
275

gat

Asp

agc
Ser

ctyg
Leu

Arg

ccg
Pro

gtg
Val

aac
Asn

gecg
Ala

gtg
Val
100

ttt
Phe

aac
Asn

gat
Asp

tgce
Cys

agc
Ser
180

atg
Met

aac
Asn

gat
Asp

ctyg
Leu

tgce
Cys
260

aaa

Lys

cgt
Arg

gtg
Val

agc
Ser

Gly

ceg
Pro

gge
Gly

ceg
Pro

gge
Gly
85

aaa
Lys

att
Ile

tat
Tyr

ttt
Phe

agc
Ser
165

aac
Asn

ceg
Pro

ttt
Phe

gtg
Val

aaa
Lys
245

agc
Ser

gecg
Ala

acce
Thr

acce
Thr

agc
Ser
325

Ala

aac
Asn

gaa
Glu

ctyg
Leu
70

acce
Thr

cag
Gln

agc
Ser

ctyg
Leu

acce
Thr
150

atg
Met

tgg
Trp

ceg
Pro

acce
Thr

aac
Asn
230

gge
Gly

gge
Gly

gat
Asp

gtg
Val

agc
Ser
310

gge
Gly

Ala

gat
Asp

gat
Asp
55

ctyg
Leu

gaa
Glu

cgt
Arg

ceg
Pro

cat
His
135

gtg
Val

gecg
Ala

aac
Asn

agc
Ser

agc
Ser
215

ttt
Phe

att
Ile

ttt
Phe

gecg
Ala

tgc
Cys
295

gaa

Glu

agc
Ser

Pro

ctyg
Leu
40

gaa
Glu

cag
Gln

tgce
Cys

ctyg
Leu

cag
Gln
120

aaa
Lys

ctyg
Leu

gecg
Ala

ctyg
Leu

agc
Ser
200

ace
Thr

cgt
Arg

ccg
Pro

gtg
Val

gaa
Glu
280

att

Ile

gaa
Glu

aac
Asn

Thr
25

cgt
Arg

gaa
Glu

gaa
Glu

cgt
Arg

ttt
Phe
105

gge
Gly

aac
Asn

agc
Ser

ctyg
Leu

cgt
Arg
185

agc
Ser

cat
His

aaa
Lys

att
Ile

cag
Gln
265

age

Ser

agc
Ser

aac
Asn

ttt
Phe

Val

aaa
Lys

cag
Gln

ccg
Pro

aaa
Lys
90

gge
Gly

ctyg
Leu

gge
Gly

aaa
Lys

ace
Thr
170

ace
Thr

agc
Ser

ctyg
Leu

gtg
Val

aaa
Lys
250

agc
Ser

gaa
Glu

gat
Asp

agc
Ser

tgce
Cys
330

Thr

gaa
Glu

atg
Met

att
Ile

agc
Ser

aaa
Lys

aaa
Lys

gaa
Glu

cgt
Arg
155

agc
Ser

cgt
Arg

gaa
Glu

ctg
Leu

cgt
Arg
235

aaa
Lys

gat
Asp

ccg
Pro

geg
Ala

ctg
Leu
315

agc
Ser

Ser

gat
Asp

atg
Met
60

gecg
Ala

gtg
Val

acce
Thr

ttt
Phe

acce
Thr
140

gge
Gly

cat
His

agc
Ser

ctyg
Leu

ctyg
Leu
220

aaa
Lys

acce
Thr

agc
Ser

gtg
Val

gge
Gly
300

gtg
Val

gaa
Glu

Ser

gtg
Val
45

att
Ile

agc
Ser

ceg
Pro

gecg
Ala

cgt
Arg
125

agc
Ser

att
Ile

ctyg
Leu

aaa
Lys

cag
Gln
205

aaa
Lys

ceg
Pro

aaa
Lys

aaa
Lys

gecg
Ala
285

gecg
Ala

aaa
Lys

cag
Gln

Glu
30

gecg
Ala

aaa
Lys

gecg
Ala

tgce
Cys

gge
Gly
110

agc
Ser

ctyg
Leu

aaa
Lys

cag
Gln

tgce
Cys
190

gaa
Glu

gaa
Glu

aaa
Lys

aaa
Lys

cgt
Arg
270

cag

Gln

tgce
Cys

aaa
Lys

aaa
Lys

Arg

atg
Met

cgt
Arg

cag
Gln

gge
Gly
95

cgt
Arg

aaa
Lys

aaa
Lys

agc
Ser

aac
Asn
175

aaa
Lys

agc
Ser

gat
Asp

gge
Gly

gge
Gly
255

gaa
Glu

aaa
Lys

gge
Gly

aaa
Lys

ace
Thr
335

Leu

gaa
Glu

agc
Ser

ttt
Phe
80

tgg
Trp

ttt
Phe

agc
Ser

ccg
Pro

cgt
Arg
160

cag
Gln

aaa
Lys

cgt
Arg

gaa
Glu

aaa
Lys
240

tgce
Cys

agc
Ser

agc
Ser

gaa
Glu

gaa
Glu
320

agc
Ser

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008
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-continued

42

gge
Gly

Lys

gaa
Glu

gge
Gly
385

gaa
Glu

tat
Tyr

aaa
Lys

cag
Gln

ttt
Phe
465

ttt
Phe

cgt
Arg

gecg
Ala

aaa
Lys

tat
Tyr
545

cat

His

ctyg
Leu

<210>
<211>
<212>
<213>

<400>

att
Ile

tat
Tyr

gtg
Val
370

agc
Ser

gat
Asp

ttt
Phe

gecg
Ala

gaa
Glu
450

ctyg
Leu

ctyg
Leu

gat
Asp

aaa
Lys

tat
Tyr
530

cgt

Arg

aaa
Lys

agc
Ser

att
Ile

gaa
Glu
355

gtg
Val

gaa
Glu

ace
Thr

agc
Ser

ttt
Phe
435

ace
Thr

aac
Asn

gaa
Glu

gtg
Val

ace
Thr
515

ceg

Pro

att
Ile

ctyg
Leu

ctyg
Leu

aac
Asn
340

gat
Asp

gaa
Glu

atg
Met

att
Ile

agc
Ser
420

aaa
Lys

ctyg
Leu

cgt
Arg

aaa
Lys

agc
Ser
500

att

Ile

att
Ile

ttt
Phe

aac
Asn

agc
Ser
580

PRT

SEQUENCE :

aaa
Lys

acce
Thr

cgt
Arg

gat
Asp

ceg
Pro
405

aaa
Lys

aaa
Lys

ttt
Phe

acce
Thr

tat
Tyr
485

gaa
Glu

gtg
Val

gaa
Glu

tgc
Cys

aaa
Lys
565

taataactgg agctc

SEQ ID NO 12
LENGTH:
TYPE :
ORGANISM: Homo sapiens

580

12

ttt
Phe

ttt
Phe

aaa
Lys

aac
Asn
390

cgt
Arg

tat
Tyr

tgg
Trp

cat
His

agc
Ser
470

ceg
Pro

ctyg
Leu

aaa
Lys

ctyg
Leu

gtg
Val
550

tat
Tyr

tgc
Cys

ctyg
Leu

gaa
Glu
375

aac
Asn

acce
Thr

aac
Asn

acce
Thr

gat
Asp
455

gge
Gly

agc
Ser

ctyg
Leu

ttt
Phe

cat
His
535
aac

Asn

cat
His

agc
Ser

gaa
Glu
360

cat
His

tgce
Cys

cag
Gln

aaa
Lys

ccg
Pro
440

ccg
Pro

aaa
Lys

gecg
Ala

aaa
Lys

agc
Ser
520

gge
Gly

gaa
Glu

gat
Asp

gecg
Ala
345

agc
Ser

ctyg
Leu

agc
Ser

att
Ile

gaa
Glu
425

ccg
Pro

tgg
Trp

atg
Met

gaa
Glu

ccg
Pro
505

gat

Asp

att
Ile

tgg
Trp

tgg
Trp

Gly Thr Lys Leu Ala Thr Met Gly Thr

1

5

Leu Gly Asp Arg Gly Ala Ala Pro Thr

20

25

aaa
Lys

gaa
Glu

cat
His

ccg
Pro

gaa
Glu
410

gecg
Ala

cgt
Arg

aaa
Lys

gecg
Ala

gtg
Val
490

ctyg
Leu

gaa
Glu

gge
Gly

aaa
Lys

ctyg
Leu
570

gat
Asp

gaa
Glu

ace
Thr

ace
Thr
395

cgt
Arg

ctg
Leu

agc
Ser

ctg
Leu

att
Ile
475

geg
Ala

gge
Gly

tat
Tyr

aaa
Lys

cag
Gln
555

tgg
Trp

agc
Ser

att
Ile

gat
Asp
380

cgt
Arg

cgt
Arg

agc
Ser

ceg
Pro

ctyg
Leu
460

ceg
Pro

cgt
Arg

ctyg
Leu

ctyg
Leu

tat
Tyr
540

gtg
Val

gaa
Glu

gaa
Glu

gge
Gly
365

att
Ile

aaa
Lys

aaa
Lys

ceg
Pro

ttt
Phe
445

att
Ile

gtg
Val

acce
Thr

tat
Tyr

acce
Thr
525

gge
Gly

cat
His

aac
Asn

Thr Gly Leu Glu

10

Val Thr Ser Ser

Val Pro Asp Pro Pro Asn Asp Leu Arg Lys Glu Asp Val

cat aac
His Asn
350

acc aaa
Thr Lys

ctg aaa
Leu Lys

gat ttt
Asp Phe

acc agc
Thr Ser
415

ceg cgt
Pro Arg
430

aac ctg
Asn Leu

gcg acc
Ala Thr

ctg tgg
Leu Trp

geg gat
Ala Asp
495

gat ctg
Asp Leu
510

aaa cag

Lys Gln

aac gat
Asn Asp

ccg gaa
Pro Glu

cat gaa
His Glu
575

Ser Leu
15

Glu Arg
30

Ala Met

gaa
Glu

gtg
Val

cgt
Arg

ace
Thr
400

ctyg

Leu

cgt
Arg

gtg
Val

att
Ile

aaa
Lys
480

tgg
Trp

cgt
Arg

tgg
Trp

agc
Ser

gat
Asp
560

aaa
Lys

Ser

Leu

Glu

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1728

1755
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-continued

44

Leu

Ser

65

Gly

Glu

Asp

Ser

Glu

145

Tyr

Ser

Asp

Gly

Gly
225

Gln

Thr

305

Arg

Gly

Lys

Glu

Gly

385

Glu

Tyr

Lys

Gln

Glu

50

Glu

Ala

Arg

Val

Leu

130

Asp

Lys

Asn

Val

Leu

210

Val

Thr

Lys

Cys

Leu

290

Leu

Ser

Ile

Tyr

Val

370

Ser

Asp

Phe

Ala

Glu
450

35

Arg

Cys

Thr

Val

Tyr

115

Ala

Phe

Asp

Asn

Phe

195

Ser

Asp

Ile

Ser

Asn

275

Asp

Ser

Leu

Ile

Glu

355

Val

Glu

Thr

Ser

Phe
435

Thr

Val

Asn

Ala

Val

100

Phe

Asn

Asp

Cys

Ser

180

Met

Asn

Asp

Leu

Cys

260

Lys

Arg

Val

Ser

Asn

340

Asp

Glu

Met

Ile

Ser
420

Lys

Leu

Gly

Pro

Gly

85

Lys

Ile

Tyr

Phe

Ser

165

Asn

Pro

Phe

Val

Lys

245

Ser

Ala

Thr

Thr

Ser

325

Lys

Thr

Arg

Asp

Pro
405
Lys

Lys

Phe

Glu

Leu

70

Thr

Gln

Ser

Leu

Thr

150

Met

Trp

Pro

Thr

Asn

230

Gly

Gly

Asp

Val

Ser

310

Gly

Phe

Phe

Lys

Asn

390

Arg

Tyr

Trp

His

Asp

55

Leu

Glu

Arg

Pro

His

135

Val

Ala

Asn

Ser

Ser

215

Phe

Ile

Phe

Ala

Cys

295

Glu

Ser

Cys

Leu

Glu

375

Asn

Thr

Asn

Thr

Asp
455

40

Glu

Gln

Cys

Leu

Gln

120

Lys

Leu

Ala

Leu

Ser

200

Thr

Arg

Pro

Val

Glu

280

Ile

Glu

Asn

Ser

Glu

360

His

Cys

Gln

Lys

Pro
440

Pro

Glu

Glu

Arg

Phe

105

Gly

Asn

Ser

Leu

Arg

185

Ser

His

Lys

Ile

Gln

265

Ser

Ser

Asn

Phe

Ala

345

Ser

Leu

Ser

Ile

Glu
425

Pro

Trp

Gln

Pro

Lys

90

Gly

Leu

Gly

Lys

Thr

170

Thr

Ser

Leu

Val

Lys

250

Ser

Glu

Asp

Ser

Cys

330

Lys

Glu

His

Pro

Glu
410
Ala

Arg

Lys

Met

Ile

75

Ser

Lys

Lys

Glu

Arg

155

Ser

Arg

Glu

Leu

Arg

235

Lys

Asp

Pro

Ala

Leu

315

Ser

Asp

Glu

Thr

Thr

395

Arg

Leu

Ser

Leu

Met

60

Ala

Val

Thr

Phe

Thr

140

Gly

His

Ser

Leu

Leu

220

Lys

Thr

Ser

Val

Gly

300

Val

Glu

Ser

Ile

Asp

380

Arg

Arg

Ser

Pro

Leu
460

45

Ile

Ser

Pro

Ala

Arg

125

Ser

Ile

Leu

Lys

Gln

205

Lys

Pro

Lys

Lys

Ala

285

Ala

Lys

Gln

Glu

Gly

365

Ile

Lys

Lys

Pro

Phe
445

Ile

Lys

Ala

Cys

Gly

110

Ser

Leu

Lys

Gln

Cys

190

Glu

Glu

Lys

Lys

Arg

270

Gln

Cys

Lys

Lys

His

350

Thr

Leu

Asp

Thr

Pro
430

Asn

Ala

Arg

Gln

Gly

95

Arg

Lys

Lys

Ser

Asn

175

Lys

Ser

Asp

Gly

Gly

255

Glu

Lys

Gly

Lys

Thr

335

Asn

Lys

Lys

Phe

Ser
415
Arg

Leu

Thr

Ser

Phe

80

Trp

Phe

Ser

Pro

Arg

160

Gln

Lys

Arg

Glu

Lys

240

Cys

Ser

Ser

Glu

Glu

320

Ser

Glu

Val

Arg

Thr

400

Leu

Arg

Val

Ile
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-continued

46

Phe Leu Asn Arg Thr Ser Gly Lys Met

465 470

Phe Leu Glu Lys Tyr Pro Ser Ala Glu

485

Arg Asp Val Ser Glu Leu Leu Lys Pro
500 505

Ala Lys Thr Ile Val Lys Phe Ser Asp

515 520
Lys Tyr Pro Ile Glu Leu His Gly Ile
530 535

Tyr Arg Ile Phe Cys Val Asn Glu Trp

545 550

His Lys Leu Asn Lys Tyr His Asp Trp

565

Leu Ser Leu Ser
580

<210> SEQ ID NO 13

<211> LENGTH: 1360

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223>

polynucleotide

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (28)..(489

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (493).. (1305

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1309)..(1329)

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1333)..(1356)

<400> SEQUENCE:

cattgcacaa gataaaaata tatcatc atg gaa aca gct atg acc atg agce ggt
Met Glu Thr Ala Met Thr Met Ser Gly

gaa
Glu
10

gge
Gly

cte
Leu

ceg
Pro
90

cgt
Arg

aat
Asn

ctyg
Leu

gag
Glu

cat
His

gecg
Ala
75

ceg

Pro

ctyg
Leu

gaa
Glu

gtg
Val

gece
Ala

atg
Met
60

gece
Ala

aaa
Lys

gaa
Glu

gece
Ala

cag
Gln

cag
Gln
45

gaa
Glu

gecg
Ala

agc
Ser

cgt
Arg

13

aga
Arg

cca
Pro
30

ceg
Pro

tte
Phe

agc
Ser

gat
Asp

gac
Asp
110

acce
Thr
15

acce
Thr

gece
Ala

gte
Val

cct
Pro

ctyg
Leu
95

gca
Ala

ctyg
Leu

aga
Arg

gge
Gly

gac
Asp

ata
Ile
80

gtg
Val

aat
Asn

1

att
Ile

ctyg
Leu

ctyg
Leu

aag
Lys
65

gtg
Val

ccg
Pro

ata
Ile

agc
Ser

caa
Gln

cag
Gln
50

ctt
Leu

agt
Ser

cgt
Arg

gag
Glu

Ala

Val
490

Leu

Glu

Gly

Lys

Leu
570

tct
Ser

tta
Leu
35

gge
Gly

cta
Leu

cgt
Arg

ggt
Gly

ctt
Leu
115

Ile
475

Ala

Gly

Tyr

Lys

Gln

555

Trp

att
Ile
20

ace
Thr

geg
Ala

gat
Asp

att
Ile

agc
Ser
100

gca
Ala

Pro

Arg

Leu

Leu

Tyr
540

Val

Glu

5

ctyg
Leu

cte
Leu

ceg
Pro

ctyg
Leu

agc
Ser
85

ceg

Pro

tgt
Cys

Val Leu Trp

Thr

Tyr

Thr
525

Gly

His

Asn

gge
Gly

act
Thr

gat
Asp

get
Ala
70

ggt
Gly

gaa
Glu

cta
Leu

Ala

Asp
510

Lys

Asn

Pro

His

aaa
Lys

aaa
Lys

cce
Pro
55

age

Ser

gge
Gly

ttt
Phe

gece
Ala

Asp

495

Leu

Gln

Asp

Glu

Glu
575

OTHER INFORMATION: Description of Artificial Sequence:

att
Ile

999
Gly

999
Gly

ace
Thr

gat
Asp

ccg
Pro

gta
Val
120

Lys

480

Trp

Arg

Trp

Ser

Asp

560

Lys

Synthetic

aaa
Lys
25

gag
Glu

gat
Asp

ggt
Gly

cat
His

gge
Gly
105

gac
Asp

54

102

150

198

246

294

342

390
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-continued

48

att
Ile

agc
Ser

gaa
Glu

tta
Leu

gat
Asp
185

cece
Pro

aat
Asn

atg
Met

tgg
Trp

gaa
Glu
265

ttc

Phe

agc
Ser

ggt
Gly

gtt
Val

gat
Asp
345

gac
Asp

gca
Ala

ttt
Phe

Asn

tte
Phe

gca
Ala

gaa
Glu

taa

aat
Asn
170

aat
Asn

gat
Asp

gat
Asp

cct
Pro

tta
Leu
250

gaa
Glu

ctyg
Leu

gat
Asp

ttg
Leu

gaa
Glu
330

tca

Ser

gag
Glu

gac
Asp

tct
Ser

cct
Pro
410

taa

ctyg
Leu

gge
Gly
140

atg
Met
155

tce
Ser

gte
Val

gecg
Ala

gtt
Val

ctt
Leu
235

cte
Leu

tat
Tyr

cge
Arg

cge
Arg

gtt
Val
315

caa
Gln

gte
Val

999
Gly

cga
Arg

cct
Pro
395

gat

Asp

tca
Ser

gece
Ala
125

ggt
Gly

ate
Ile

aac
Asn

999
Gly

cca
Pro

aca
Thr
220

ccg
Pro

ace
Thr

cct
Pro

cgg
Arg

gta
Val
300

gat
Asp

gte
Val

gte
Val

aaa
Lys

tac
Tyr
380

tca

Ser

atg
Met

gaa
Glu

gte
Val

ggt
Gly

ata
Ile

atg
Met

caa
Gln

gag
Glu
205

gat
Asp

acce
Thr

act
Thr

gat
Asp

ttg
Leu
285

ttt
Phe

gecg
Ala

tgg
Trp

act
Thr

tta
Leu
365

cag

Gln

tta
Leu

aat
Asn

ttg
Leu

gtt
Val

agc
Ser

agc
Ser

gat
Asp

tca
Ser
190

ttg
Leu

gag
Glu

ate
Ile

gecg
Ala

tca
Ser
270

cat
His

cgt
Arg

agt
Ser

aaa
Lys

cat
His
350
ata

Ile

gat
Asp

cag
Gln

aaa
Lys

gtt
Val

tta
Leu

gaa
Glu

cat
His

get
Ala
175

ggt
Gly

ttt
Phe

atg
Met

aag
Lys

ate
Ile
255

ggt
Gly

teg
Ser

cte
Leu

gat
Asp

gaa
Glu
335

ggt
Gly

ggt
Gly

ctt
Leu

aaa
Lys

ttg
Leu
415

aat
Asn

cag
Gln

ggt
Gly
145

att
Ile
160

gat
Asp

gecg
Ala

ctyg
Leu

gte
Val

cat
His
240

cce
Pro

gaa
Glu

att
Ile

get
Ala

ttt
Phe
320

atg
Met

gat
Asp

tgt
Cys

gece
Ala

cgg
Arg
400

cag

Gln

tgg
Trp

cta
Leu
130

ggt
Gly

caa
Gln

tta
Leu

aca
Thr

aaa
Lys

aga
Arg
225

ttt
Phe

gga
Gly

aat
Asn

cct
Pro

cag
Gln
305

gat
Asp

cat
His

ttc
Phe

att
Ile

ate
Ile
385

ctt

Leu

ttt
Phe

ttg
Leu

ate
Ile

gge
Gly

cgg
Arg

tat
Tyr

ate
Ile

cat
His
210

cta
Leu

ate
Ile

aaa
Lys

att
Ile

gtt
Val
290

gecg
Ala

gac
Asp

aaa
Lys

tca
Ser

gat
Asp
370

cta
Leu

ttt
Phe

cat
His

taa

gtt
Val

agt
Ser

gaa
Glu

999
Gly

tat
Tyr
195

gge
Gly

aac
Asn

cgt
Arg

aca
Thr

gtt
Val
275

tgt
Cys

caa
Gln

gag
Glu

ctt
Leu

ctt
Leu
355

gtt
Val

tgg
Trp

caa
Gln

ttyg
Leu

cac
His

Asn

gag
Glu

acg
Thr

tat
Tyr
180

cge
Arg

aaa
Lys

tgg
Trp

act
Thr

gca
Ala
260

gat
Asp

aat
Asn

tca
Ser

cgt
Arg

ttg
Leu
340

gat
Asp

gga
Gly

aac
Asn

aaa
Lys

atg
Met
420

tgg
Trp

cta
Leu

ggt
Gly
150

teg
Ser
165

aaa
Lys

ttg
Leu

ggt
Gly

ctyg
Leu

cct
Pro
245

tte
Phe

gecg
Ala

tgt
Cys

cga
Arg

aat
Asn
325

cca
Pro

aac
Asn

cga
Arg

tgc
Cys

tat
Tyr
405

cte

Leu

cag
Gln

ata
Ile
135

gge
Gly

agg
Arg

tgg
Trp

tat
Tyr

agc
Ser

acg
Thr
230

gat
Asp

cag
Gln

ctyg
Leu

cct
Pro

atg
Met
310

gge
Gly

ttc
Phe

ctt
Leu

gte
Val

cte
Leu
390

ggt
Gly

gat
Asp

agc
Ser

get
Ala

ggt
Gly

ccg
Pro

get
Ala

999
Gly

gtt
Val
215

gaa
Glu

gat
Asp

gta
Val

gca
Ala

ttt
Phe
295

aat
Asn

tgg
Trp

tca
Ser

att
Ile

gga
Gly
375

ggt
Gly

att
Ile

gag
Glu

att
Ile

aat
Asn

tct
Ser

cga
Arg

cge
Arg

aag
Lys
200

gece
Ala

ttt
Phe

gca
Ala

tta
Leu

gtg
Val
280

aac
Asn

aac
Asn

cct
Pro

ccg
Pro

ttt
Phe
360

atc

Ile

gag
Glu

gat
Asp

ttt
Phe

acg
Thr

438

486

534

582

630

678

726

774

822

870

918

966

1014

1062

1110

1158

1206

1254

1302

1350
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-continued

50

425

ctg act tga
Leu Thr
440

<210> SEQ I
<211> LENGT.
<212> TYPE:

C

D NO 14
H: 154
PRT

430

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Description of

polyp

eptide

<400> SEQUENCE: 14

Met Glu Thr
1

Ile Ser Ser
Leu Gln Leu
35

Leu Gln Gly
50

Lys Leu Leu
65

Val Ser Arg

Pro Arg Gly

Ile Glu Leu

115

Gln Leu Ile
130

Gly Gly Gly
145

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Met Thr Met Ser

Ile Leu Gly Lys Ile

20

Thr Leu Thr Lys Gly

Ala Pro Asp Pro Gly

55

Asp Leu Ala Ser Thr

70

Ile Ser Gly Gly Asp

85

Ser Pro Glu Phe Pro

100

Ala Cys Leu Ala Val

120

Val Asn Leu Ile Ala

135

Ser Glu Gly Gly Gly
150

D NO 15
H: 1360
DNA

Gly

Lys

25

Glu

Asp

Gly

His

Gly

105

Asp

Asn

Ser

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn

RE:

ucleotide

<400> SEQUENCE: 15

gtcaagtcag

actcatcgag

tttgaaaaag

caagatcctg

tccectegte

gtgagaatgg

getegteate

cgagacgaaa

ggcgcaggaa

atacctggaa

tacggataaa

cgtaatgete

catcaaatga

cegtttetgt

gtatcggtet

aaaaataagg

caaaagttta

aaaatcactc

tacgcgatcg

cactgccage

tgctgttttt

atgcttgatg

tgccagtgtt

aactgcaatt

aatgaaggag

gegattecga

ttatcaagtg

tgcatttett

gcatcaacca

ctgttaaaag

gcatcaacaa

ccggggatcg

gtcggaagag

Glu

10

Gly

Leu

Ile

Thr

Pro

90

Arg

Ile

Ser

Glu

435

Artificial Sequ

Asn Glu Ala Arg
Leu Val Gln Pro
30

Glu Ala Gln Pro
45

His Met Glu Phe
60

Ala Ala Ala Ser
75

Pro Lys Ser Asp
Leu Glu Arg Asp
110

Ala Leu Ala Val
125

Glu Gly Gly Gly
140

acaaccaatt aaccaattct

tattcatatc aggattatca

aaaactcacc gaggcagttce

ctcgteccaac atcaatacaa

agaaatcacc atgagtgacg

tccagacttyg ttcaacagge

aaccgttatt cattcgtgat

gacaattaca aacaggaatc

tattttcacc tgaatcagga

cagtggtgag taaccatgca

gcataaattc cgtcagccag

1360

ence: Synthetic

Thr Leu
15

Thr Arg

Ala Gly

Val Asp

Pro Ile

80
Leu Val
95
Ala Asn

Val Leu

Ser Glu

Synthetic
gattagaaaa 60
ataccatatt 120
cataggatgg 180
cctattaatt 240
actgaatccyg 300
cagccattac 360
tgcgectgag 420
gaatgcaacc 480
tattcttcta 540
tcatcaggag 600
tttagtctga 660
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52

ccatctcatce

gcgcatcggg

gagcccattt

tttccegtty

cttegetace

ccagtgcaat

ccggaaatte

taatacgact

tgtcgacgaa

gggcctcgag

taattttgee

tagctgttte

<210> SEQ ID NO 16
<211> LENGTH: 112
<212> TYPE: DNA

<220> FEATURE:

<220> FEATURE:
<221> NAME/KEY: CDS

<222> LOCATION:

<400> SEQUENCE: 16

gat atc
Asp Ile

ggt acc
Gly Thr

cat
His

gecg
Ala

<210> SEQ ID NO 17
<211> LENGTH: 37
<212> TYPE:

<220> FEATURE:

tgtaacatca ttggcaacgc tacctttgcce atgtttcaga aacaactctg 720
cttcccatac aagcgataga ttgtcgcacce tgattgcccg acattatcge 780
atacccatat aaatcagcat ccatgttgga atttaatcgc ggcctcgacg 840
aatatggctt atgatcattt attcagaacc gccaccctca ctgccaccac 900
accgcectteg ctattagcta ttagattaac gattagetgt aaaacgacgg 960
gtctacggcet agacatgcaa gctctatatt tgcgtcacgt tccagacggce 1020
cgggctacca cgcggcacca gatcgcetttt cggcggatga tcgccaccgce 1080
cactataggg ctcgcggeceg cggtaccggt gctagccaga tctagaaget 1140
ttccatatgg atatcccegg gatccggege gcectgcagg ccggecgget 1200
ctcececttta gtgagggtta attgcagtct ggttggetge accaggectt 1260
cagaatagag ctaatcaggg ttctggcttc attttcaccg ctcatggtca 1320
catgatgata tatttttatc ttgtgcaatg 1360
<213> ORGANISM: Artificial Sequence
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide
(2) .. (112)
g gag ctc gag gcc cag ccg gec gge ctg cag gge gcog ccg gat ccc ggg 49
Glu Leu Glu Ala Gln Pro Ala Gly Leu Gln Gly Ala Pro Asp Pro Gly
5 10 15
atg gaa ttc gtc gac aag ctt cta gat ctg get age acc 97
Met Glu Phe Val Asp Lys Leu Leu Asp Leu Ala Ser Thr
20 25 30
gce gcg 112
Ala Ala
PRT
<213> ORGANISM: Artificial Sequence
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polypeptide

<400> SEQUENCE: 17

Glu Leu Glu Ala

1

Asp Ile His Met

5

20

Gly Thr Ala Ala Ala

35

<210> SEQ ID NO 18
<211> LENGTH: 6
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 18

Influenza virus

10

25 30

Gln Pro Ala Gly Leu Gln Gly Ala Pro Asp Pro Gly

15

Glu Phe Val Asp Lys Leu Leu Asp Leu Ala Ser Thr
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-continued

54

Gly Ser Ser Arg Glu Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

PRT

5

SEQ ID NO 19
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence: Synthetic

271

polypeptide

<400> SEQUENCE:

Met
1

Ala

65

Leu

Leu

Tyr

Arg

Arg

145

Gln

Gly
Arg
225

Pro

Asp

<210>
<211>
<212>
<213>
<220>
<223>

Ile

Asn

Gly

Pro

50

Thr

Pro

Thr

Pro

Arg

130

Val

Asp

Val

Val

Lys

210

Tyr

Ser

Met

Ile

Met

Gln

35

Glu

Asp

Thr

Thr

Asp

115

Leu

Phe

Ala

Trp

Thr

195

Leu

Gln

Leu

Asn

Ser

Asp

20

Ser

Leu

Glu

Ile

Ala

100

Ser

His

Arg

Ser

Lys

180

His

Ile

Asp

Gln

Lys
260

SEQ ID NO
LENGTH: 7
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence: Synthetic

PRT

peptide

<400> SEQUENCE:

19
His

Ala

Gly

Phe

Met

Lys

85

Ile

Gly

Ser

Leu

Asp

165

Glu

Gly

Gly

Leu

Lys

245

Leu

20

20

Ile

Asp

Ala

Leu

Val

70

His

Pro

Glu

Ile

Ala

150

Phe

Met

Asp

Cys

Ala

230

Arg

Gln

Gln Arg Glu Thr Ser Arg Pro Arg Leu Asn
10 15

Leu Tyr Gly Tyr Lys Trp Ala Arg Asp Asn
25 30

Thr Ile Tyr Arg Leu Tyr Gly Lys Pro Asp
40 45

Lys His Gly Lys Gly Ser Val Ala Asn Asp
55 60

Arg Leu Asn Trp Leu Thr Glu Phe Met Pro
75 80

Phe Ile Arg Thr Pro Asp Asp Ala Trp Leu
90 95

Gly Lys Thr Ala Phe Gln Val Leu Glu Glu
105 110

Asn Ile Val Asp Ala Leu Ala Val Phe Leu
120 125

Pro Val Cys Asn Cys Pro Phe Asn Ser Asp
135 140

Gln Ala Gln Ser Arg Met Asn Asn Gly Leu
155 160

Asp Asp Glu Arg Asn Gly Trp Pro Val Glu
170 175

His Lys Leu Leu Pro Phe Ser Pro Asp Ser
185 190

Phe Ser Leu Asp Asn Leu Ile Phe Asp Glu
200 205

Ile Asp Val Gly Arg Val Gly Ile Ala Asp
215 220

Ile Leu Trp Asn Cys Leu Gly Glu Phe Ser
235 240

Leu Phe Gln Lys Tyr Gly Ile Asp Asn Pro
250 255

Phe His Leu Met Leu Asp Glu Phe Phe
265 270

Ser Glu Leu Val Asn Trp Leu

1

5
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5§ 56
-continued
<210> SEQ ID NO 21
<211> LENGTH: 8
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide
<400> SEQUENCE: 21

His Trp Gln Ser Ile Thr Leu Thr
1 5

The invention claimed is:

1. A method for identifying frameshift mutations in coding
target nucleic acids comprising one or more stop codons
which comprises the steps:

(1) providing a host cell comprising a double-stranded
nucleic acid, which comprises a coding target nucleic
acid and a coding opposite strand nucleic acid comple-
mentary thereto, in which the opposite strand nucleic
acid is linked via a linker with a reporter gene in 3'-po-
sition; wherein the linker comprises a translational cou-
pler sequence which comprises a stop codon in frame to
the reading frame of the opposite strand nucleic acid and
a start codon,
wherein the reporter gene is in frame to the start codon
wherein the linker comprises further stop codons in

reading frames shifted by +1 and -1,
wherein the further stop codons are located upstream of
the stop codon of the translational coupler sequence,
wherein the distance from the further stop codon to the
start codon of the translational coupler sequence is at
least 30 base pairs, such that no translational coupling
occurs,

(ii) effecting expression of the opposite strand nucleic acid;
and

(iii) identifying whether expression of the reporter gene
occurs in the host cell, in which expression of the
reporter gene indicates that the target nucleic acid does
not comprise a frameshift mutation.

15

20

30

40

2. A method according to claim 1, wherein the start and
stop codons of the translational coupler sequence follow on
immediately from one another.

3. A method according to claim 1, wherein the start and
stop codons of the translational coupler sequence overlap
with one another.

4. A method according to claim 1, wherein the start and
stop codons of the translational coupler sequence are at a
distance from one another which is selected such that trans-
lational coupling is enabled.

5. A method according to claim 1, in which the opposite
strand nucleic acid is furthermore in operative linkage with an
expression control sequence in 5'-position.

6. A method according to claim 1, in which step (i) com-
prises: introducing an expression vector comprising the
double stranded nucleic acid into a host cell.

7. A method according to claim 6, in which the opposite
strand nucleic acid in the expression vector is in operative
linkage with an expression control sequence in 5'-position.

8. A method according to claim 6, in which an expression
vector is used in step (i) which additionally comprises at least
one selection marker gene.

9. A method according to claim 8, in which the selection
marker gene is constitutively expressed.

10. A method according to claim 6, in which the expression
vector is introduced by calcium phosphate coprecipitation,
lipofection, electroporation, particle bombardment or viral
infection.



